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The North-West - Canada. 


O would ye hear, and would ye hear, 
Of the windy wide North-West? 
Faith! 'Tis a land as green as the Sea, 
That rolls as far and rolls as free, 
With drifts of flowers, so many there be, 


Where the cattle roam and rest. 
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ABSTRACT 
Aspen forests occupy an estimated 210,000 ha of the aspen 
parkland of western Canada. They also occur extensively in 
warmer environments of the boreal forest. Their replacement 
with grassland may increase beef carrying capacity in those 
regions. 

Initial removal of trees invariably stimulates vigorous 
Suckering from lateral roots. These suckers may be 
controlled by repeated top removal, but if herbicides or 
fire have been used for initial overstory removal, logs and 
stumps prevent subsequent control by mechanical means. 
Effectiveness of control with herbicides has been variable, 
with the more successful chemicals being potentially 
hazardous to user and environment, and the less successful 
ones requiring repeated application. The third alternative, 
fire, cannot be repeated frequently enough because 
insufficient fuel regenerates annually. 

If aspen suckers could be removed by grazing with 
cattle, the foliage might then serve as a useful forage 
resource, and the control operation could be conducted 
without removing stumps and logs. Hence, the effect of 
season of grazing, age of stand, and the availability of 
alternative forages, on the utilization of aspen forest and 
its component species by cattle, was investigated. The 
effect of heavy grazing early or late in the growing season, 
on aspen forest succession following burning, and on the 


establishment of forage species, was examined also. 
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Since depletion of carbohydrates will reduce aspen 
suckering vigour, the effect of season of clipping on the 
concentration of root carbohydrates was determined, and the 
net balance between depletion of carbohydrates to support 
resprouting, and their restoration from subsequent 
photosynthesis, was studied in controlled conditions. 

Cattle used aspen forest, aS opposed to adjacent 
grassland, more readily late in the growing season than 
early. Within the forest, while sown forages were selected 
in preference to all other species, aspen was much more 
readily consumed late in the season than early. 

Heavy grazing in late August practically eliminated 
aspen regeneration, and two quite different plant 
communities developed under the two grazing regimes. The 
early-grazed forest consisted of numerous clumps of aspen 
suckers interspersed with sown grasses and snowberry, ee 
the late-grazed forest had very little aspen, but had more 
rose and snowberry and less sown grass. 

Significantly fewer shoots arose from roots excised 
from the later clipped plots than from nil or early (July) 
clipped plots, though differences in root carbohydrate 
concentration were not detected. Carbohydrate in the parent 
roots in three different controlled light environments 
declined equally as shoots were produced, but shoots grown 
in light were heavier and produced more new roots than 
shoots grown in darkness. This suggests that new elongating 


shoots probably retain most of their photosynthates for top 
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growth, rather than replenishing reserves depleted in the 
production of those shoots. 

Control of aspen suckers was not achieved by 
defoliation early in the growing season when carbohydrate 
levels were lowest. Investigations into the causes of 


Suppression of aspen by August defoliation seem potentially 


rewarding. 
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Light energy in the 400 to 730 nm range 
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I. INTRODUCTION 

Populus tremuloides enw hereinafter called "aspen", and 
also known as trembling or quaking aspen, or white or aspen 
poplar, is a Slender deciduous tree reaching a height of 30 
m in good growing conditions and having a smooth light green 
or whitish bark, which becomes furrowed and darker with age 
(Moss 1959). 

Aspen Taxonomy 

Aspen belongs to the family Salicaceae, the willows. 
Members of this family are dioecious trees with soft wood 
and bitter bark (Moss 1959). They bear leaves alternately on 
the stem. Flowers are borne in catkins (aments) without 
sepals or petals, and each flower in the catkin is borne 
Singly in the axil of a bract or scale. Lester (1963) 
meported) thersoccurnrencesotyangoccasionalyhermaphrodite 
catkin in 38% of the aspen trees he sampled. The numerous 
seeds bear tufts of hairs at their apices, those of Populus 
species being long and silky, enabling them to disperse over 
long distances (Maini 1972). 

The genus Populus is characterised by the presence of 
several scales covering the winter buds. The catkins are 
relatively long and pendulous, and leaves are borne on long 
petioles. 

P. tremuloides may be distinguished from most other 
Populus species by the characteristic flattened petioles 
bearing small leaves which are rounded at the base, and only 


slightly serrated (Maini 1968b). The flattened petioles tend 
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to make movement occur in one plane, unlike trees with 
terete petioles whose leaves have more flexibility and 
consequently lie more steadily in the wind. The only other 
Populus species with flattened petioles is P. sargentii and 
it has larger cordate or deltoid leaves quite unlike those 
of P. tremuloides. Furthermore P. sargentii has very dark 
grey bark, especially on new growth, while P. tremuloides 
has light green or whitish bark (Moss 1959). 
Distribution and ecology 

Aspen is the most widely distributed tree in North 
. America (Little 1971), stretching from Mexico to the Arctic 
Ocean, and from Nova Scotia to Alaska. It occurs throughout 
Western Canada (Figure I.1), its southern range being 
limited by low moisture and warm temperatures in south 
eastern Alberta and southern Saskatchewan (Moss 1944). To 
the north, aspen 1S an important component of the 
association known broadly as the Boreal Forest, where it 
forms part of the mixed-wood association with conifers, 
especially white spruce (Picea glauca) on well-drained 
uplands, and jack pine (Pinus banksiana) on sandy soils 
(Rowe 1959). In the mixed-wood association, aspen is either 
the dominant species in seral communities following 
disturbances such as fire, or a subdominant ina later 
successional stage dominated by the conifers (Moss 1955, 
Kranz and Linder 1973). Weaver and Clements (1938) described 
these associations as "fire ssub-climax”. Moss: (1932) 


considered that the aspen/spruce association may be a climax 
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White Spruce, Black Spruce, Balsam Fir, Jack Pine, 
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White Spruce, Black Spruce, Tamarack 


Trembling Aspen, Willow 


Engelmann Spruce, Alpine Fir, Lodgepole Pine 


] Trembling Aspen, Willow, Bur Oak 


Figure I.1 Major vegetation zones of Western Canada. 


(Redrawn from Maini 1968a) 
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community in much of the drier southern portion of the 
mixed-wood zone. In this zone, aspen also occurs in 
association with balsam poplar (Populus balsamifera), or as 
a pure stand (Rowe 1959). 

To the west in the foothills and slopes of the Rocky 
Mountains aspen iS a common component of a complex range of 
plant associations, including Engelmann spruce, lodgepole 
pine, Douglas fir and others (Maini 1968a). In these 
associations, aspen is mainly an intermediate in the 
transition to the climax conifer community (Moss 1953, Rowe 
1959). It forms a thin understory of stunted or spindly 
trees, largely shaded out by the larger dominant conifers. 
After a fire or logging operation aspen is the first tree to 
re-establish, because of its ability to sucker profusely. It 
assumes the role of a nurse crop or intermediate in the 
process Bierce ovens and succession to the final climax 
conifer community (Hardy et a]. 1976). Mueggler and Bartos 
(1977) actually recorded more conifer seedlings in upland 
Utah where there was an aspen overstory than where it was 
absent. They did not explain the effect but it may be that 
conifer seedlings establish more readily in the deep litter 
under aspen trees. Furthermore, competition from herbaceous 
Species would be less severe under aspen. 

Gradually, shade tolerant spruce saplings establish 
and, in time, grow through the aspen canopy. If the forest 
remains undisturbed, it will revert to dominance by the 


larger, taller conifers. 
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Further@to theynorth, saspenycontanuesuto occur sin 
warmer locations (south-facing slopes or river valleys) as a 
minor component of a community dominated by conifers (Rowe 
1959). Here it is sparse and stunted, but may be an 
important source of winter browse for the ungulates of that 
region (Graham et a]. 1963). 

The transition between the mixed-wood association and 
the treeless grasslands to the south consists of a mosaic of 
groves of aspen, considered by Moss (1955) to be climax 
vegetation, alternating with fescue grassland, predominantly 
Festuca hallii and/or Festuca doreana (Looman and Best 
1979). The grassland also includes Stipa spartea var. 
curtiseta, Agropyron subsecundum, A. trachycauium, Danthonia 
intermedia, Helictotrichon hookeri, Koeleria cristata and a 
number of other grasses depending on environmental 
conditions. Moss and Campbell (1947) listed 20 grasses, 3 
sedges, 10 shrubs, and about 115 forbs for this grassland. 

This transition zone of aspen groves intermingled with 
grassland, being aesthetically pleasant, open, park-like 
country, is known in Canada as the aspen parkland. It 
extends from the Rocky Mountain foothills in southern 
Alberta in an arc through central Alberta and south central 
Saskatchewan to southern Manitoba, and occupies an estimated 
14.5 million hectares in these provinces (Canada Census 
1976). In Alberta alone, it occupies approximately 6 million 


hectares. 


ee ig 


er #7 oe «tpt. “el mp: | 
wo nue anata yet nbscaore, hal vo Hints uo! ravaged nels 
etd eth, $i sets aiwigle ahah dp ibhe 4) 
nt aia sey. vale 4 dita wolaearp nett, ! \ 

at noel ian LASER wh fet weer? pean: Acie ‘Sseate 
NS DTS SNOT Agnes vin rat vie: iA Vel yet va 
Lapatee penny Hae ee aaIeaA, strane: wlio Fag 
Nosh eae PE | ty geeut, vr ba Niainpn, BAe aeom : _.eeetsiaaam 
ee haw GR MRA oot Save)! puedo Tom. cae ee .neptant i 
« bohenthwidad eelynrciraid Ame oh anda dobre’ RANT ‘ao 7 
avai ve lites "oy rot api Wlenelioiszers Bel aes Tues 
; odhaild days capi: iho PAAHD Ay ayoadene ‘y ttauoRe 4 . 
nindinices! nad |e sre ee casos ads oem asasgeaply 
‘ote > i a2 it Bhi sas vied’ Sect sarees. 

hoo ee nen ae) aetwasaih i <p aah " oa 


wench shored geninsoed 
pol kate ‘ penton 


The forest groves in the parkland occupy the more moist 
sites in depressions or around sloughs and on north-facing 
Slopes. ASpen grows, not in the poorly drained slough 
itself, but on the better drained slopes Surrounding rte, yin 
south-eastern Alberta, shelter from hot, drying winds is a 
major factor in the distribution of aspen (Moss 1944). The 
grasses, which occur on the drier, more exposed sites on the 
tops of the hills and on south-facing slopes, occupy an 
increasing proportion of the area from the cooler moister 
forests in the north, to the open grasslands to the south. 

Scheffler (1976) described the very predictable plant 
Succession around a depression or a slough in the aspen 
parkland of central Alberta. The slough edge community may 
consist of halophytes, if saline, closely followed by a belt 
of willows (Salix spp.). If the depression or slough is not 
Saline (a function of drainage), the lowest community may 
consist of sedges. The oldest trees of the aspen forest 
occur next in succession up the slope, followed by younger 
trees at the forest edge, beyond which there is a transition 
zone or ecotone, where aspen may be encroaching into 
grassland in an undisturbed situation. At the edge of the 
mature aspen grove lies a strip of grassland perhaps only 
0.5 to 1m wide. Beyond this is the Symphoricarpos/E]aeagnus 
community within which aspen suckers may be developing. 

Among the understory shrubs growing in the shaded 
conditions in a mature aspen forest, are willow (Salix ) 


spp., rose (Rosa woodsii), gooseberry (Ribes oxycanthoides), 
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and raspberry (Rubus strigosus) (Scheffler 1976). There will 
be occasional aspen suckers, especially if there is a break 
in the canopy from storm damage or ageing. There may be some 
western snowberry (Symphoricarpos occidentalis). Commonly 
occurring herbs and forbs include Aster laevis, Galium 
boreale, Pyrola asarifolia, Agropyron trachycaulum, Festuca 
scabrella, Lathyrus ochroleucus, and Vicia americana. 

At the forest edge, the species referred to above occur 
in greater profusion in a shrub community. The dominant 
shrubs are Symphoricarpos occidentalis and silverberry or 
wolf willow (E]laeagnus commutata), with accompanying shrubs 
Amelanchier alnifolia, Prunus pennsylvanica and Prunus 
virginiana. Moss (1932) included Shepherdia canadensis. Also 
present are the genera Rosa, Rubus, Cornus, Solidago, 
Agropyron, and Festuca, together with Galium boreale and 
Lathyrus ochroleucus. 

Aspen is not restricted to any particular soil type, 
although it tends to invade the deeper, moister, black 
chernozemic soils first. Under aspen forest, soil fertility 
and organic matter decline, soil texture and colour become 
lighter, and.the soil may be reclassified as a luvisol 
rather than a chernozem (Moss 1932, Scheffler 1976). Aspen 
grows satisfactorily on brown chernozems and may degrade 
them as well. Moss (1932) noted that the soils in the 
parkland are of the type which develop under grassland. He 
concluded that the presence of trees 1S a comparatively 


recent development, unlike further north where the glacial 
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till has been degraded to the luvisols referred to locally 
as the "grey wooded" soils. 

Moss (1932) described the aspen parkland as an area of 
interzonal tension - a large scale ecotone - and explained 
that the tension or competition is manifested along 
thousands of interfaces between forest and grassland 
communities. Like Scheffler (1976), Moss identified the 
transitional shrub community which occurs along this 
interface. Depending on conditions and management, 
especially the occurrence of fire in the grassland, the 
aspen forest may expand or remain stable in this ecotonal 
band around each forest grove. 

Reproductive physiology 
Reproduction by seed 
Seed production in aspen is prolific in most years, 
although it may be almost absent in certain years (Moss: 
1938). Flowering age in Populus species is about 15 
years, and a clone may be expected to produce good seed 
crops every second or third year (Maini i1968b). Seeds, 
being very light, are dispersed over great distances 

(1000 seeds with hair weigh 0.177g: Maini 1960). 

Reproduction of aspen by seed is considered 
relatively rare in Western Canada (Moss 1938, Bird 
1961), although Graham et a]. (1963) reported widespread 
establishment of aspen by seed in Michigan. They agreed 
that establishment by seed was uncertain, requiring seed 


to be deposited in bare soil where favourable moisture 
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and temperature conditions prevail for the few weeks 
required for germination and establishment. 

Seeds remain viable for only a short period after 
their release, the period being shortened further by 
high humidity (Moss 1938), or high or fluctuating 
temperatures (McDonough 1979). Ironically, Moss (1938) 
found that conditions suitable for germination and 
Survival of seedlings (warm and continually moist 
conditions) were the most unsuitable for the maintenance 
of viable seeds. 

Vegetative reproduction 

All aspen roots are capable of producing 
adventitious shoots at irregular intervals along their 
whole length in response to certain stimuli (Maini 
1968b). These shoots are referred to as suckers in their 
frrestestornrauyears?ofvgrowth, esince, mduning, thatwtumes 
they remain largely dependent on the parent root. 
Suckers may be extremely prolific under some conditions, 
and are the main vehicle for vegetative reproduction. 
For example, in a 5 year old stand of aspen in Ontario, 
regeneration following clear cutting comprised 82% root 
suckers, 12% collar sprouts, and 6% stump sprouts (Maini 
1968b). Bailey (1972) recorded 145,000 suckers ha™' 
after mechanical clearing of an aSpen grove in central 
Alberta. Bella and DeFranceschi’® (1972)"recorded 175,000 
suckers ha~' after mechanical removal of trees in 


northern Saskatchewan. 


Mi eortian 


. ' > 
rely te Ket tyienad ac 
‘ cA 
ee ae 4 had ‘ti, 0 


Rik m UNS . re a nul | 5 Oust 


4 
' a - }ipt 
we 4 : 
7] 
« = x 
Gy , "1 
a 
f 
: A 
ae oy nd 
7 e 
j 9 3 * 
i 4] 
‘ i 7 
} ‘ ' ' _, 
’ ona 
ot il 
ad | 
¥ » H ¥ 7 - L i] 
» on ~~ th 7) oe - | as rs ws 
oi | Liat ; eye om wh Ge ' AG 
_ 
or t wk 


gh fel 7 Omg. oe ladabe n% eas © 1) ue ae ai ¢ 
{ 1" PL aie c. : 
rt ‘he gti ante iesinndt 
a re uk ee a = 
teu! f 4 yoda ee ts ‘ 
ie et i - . : 
vr vey a Tei 

wiapin ss ata }casek 

; ms 


; Le 
yg os 
. ‘ 


a 
-” 


. 


Schier (1976) maintained that aspen has been able 
to remain a widespread and abundant species almost 
entirely because of its root suckering ability. This is 
perhaps, a little too strong, since aspen is so 
widespread, and has expanded rapidly in the prairies in 
the past eighty years (Moss 1955, Bird 1961, Bailey and 
Wroe 1974, Scheffler 1976, Johnston and Smoliak 1968). 
While much of this expansion may be attributed to 
suckering, movement over a wide area, such as the 
expansion in Manitoba from 1905 to 1956 (Bird 1961), 
must have involved more rapid spreading than is possible 
with suckering alone. Nevertheless, as noted by Moss 
(1938)4iMaini.(1960); Bird) (1961), candsGraham-et al ; 
(1963), by far the greater proportion of aspen 
reproduction is by suckering. 

Suckers are stimulated to develop by a disturbance 
such as fire, logging, or windfall. Without disturbance, 
suckers are produced at a lower but still significant 
rate. Schier and Smith (1979) recorded a mean of 8,300 
suckers ha~'yr~' in an undisturbed forest over 4 years. 
Schier (1972) removed the apices of aspen suckers, and 
thereby stimulated the development of more suckers. He 
suggested that such suckering was triggered by a 
weakening of the inhibition exercised by existing shoots 
over primordia development (correlative inhibition), at 
times when top growth was inactive (e.g before bud 


swelling in spring) but when temperatures were high 
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enough for metabolic activity in the roots. 
Hormone control 

Auxins, which inhibit primordia initiation 
(Eliasson 1961, Farmer 1962), are produced in the 
apical meristem (Eliasson 1969), and translocated 
basipetally to the root system (Eliasson 1972). 
Since auxin is rapidly inactivated (Eliasson 
1971a,1972), the transport must be continuous in 
order to maintain levels in the roots sufficient to 
inhibit the initiation and development of shoots. 
Removal of the main stem by a disturbance, such as a 
fire or a logging operation, removes the source of 
auxin, thereby decreasing the concentration of auxin 
in the roots, enabling suckers to be initiated, or 
to develop from already initiated but suppressed 
primordia (Schier 1973b). 

Cytokinins, which promote primordia initiation 
(Wolter 1968, Peterson 1975), are produced in the 
root tips (Feldman 1975, Peterson 1975, Skene 1975, 
Forsyth and Van Staden 1981). Removal of the main 
stem prevents translocation of cytokinins up the 
stem away from the root system, thereby raising 
their concentration in the roots, relative to auxin, 
and’ stimulating primordia initiation (Schier 1979). 

Primordia may also be initiated in undisturbed 
forests when the rate of production of auxin at the 


tree apex is slowed. Such is the case during the 
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dormant season or as the tree ages. Under these 
conditions the concentration of auxin in the roots 
usually declines, lowering the auxin:cytokinin 
ratio, and permitting the initiation of primordia. 

In practise, the roots of aspen are nearly 
always well endowed with shoot primordia, suppressed 
or otherwise, even in undisturbed clones. (Brown 
t9S5FeSchrerwt97 3a). 

Fetshould ybe “noted “that, man lundisturbed 
forest, primordia do not necessarily develop into 
Suckers in the year in which they are initiated 
(Brown 1935). Schier (1973b) indicated that they 
Frequently required another change in the 
auxin:cytokinin ratio to be reactivated at a later 
date. Alternatively, they may respond to changes in 
the levels of abscisic acid (ABA) or gibberellins 
(GA) (Schier 1973a), or to changes in carbohydrate 
concentration (Thorpe and Murashige 1970, Eliasson 
1971b), or to changes in temperature (Maini and 
Horton 1966, Steneker 1974), or moisture (Scheffler 
H976). 

Direct evidence of seasonal changes in levels 
of GA in roots is not available. Gibberellins are 
synthesised both in young leaves and in root tips, 
with transport being non-polar (Moore 1979). In 
Alaska pea, GA was present in adequate quantities. 


for growth during the exponential phase of growth, 
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but not at very early seedling stage, or at maturity 
(Moore 1979). If the same relationship between the 
activity of the apical meristem, and GA 
concentration in the shoot, exists in aspen, the 
rate of synthesis of GA might increase during stem 
elongation in the first half of the growing season. 
Subsequently, it might decline in response to 
shortening days, as Railton and Wareing (1973) 
reported in potato leaves, ee very low levels at 
senescence (Moore 1979). Bound forms may be released 
in late winter in response to environmental stimuli, 
as Eagles and Wareing (1964) found in birch. 

Hence, the level of gibberellins (active form) 
in roots is likely to be low in the autumn and to 
increase in mid to late winter depending on ground 
temperature. Abscisic acid, which inhibits the 
growth of newly-initiated suckers, and reverses the 
effect of GA (Schier 1973c), is at relatively low 
levels in roots in autumn, winter, and spring, but 
reaches a peak concentration in mid-summer (Cohen et 
al. 1978). Thus, we might expect dormant season 
outgrowth of primordia to be restricted until the 
level of GA rises, coincident with low ABA 
concentration in late winter/early spring. Outgrowth 
will be accelerated when GA synthesis commences in 
earnest in the first half of the growing season, and 


may decline as GA declines in the latter half. 
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Carbohydrates 

Aspen suckers are aepencent onjnon-structural 
carbohydrates in the parent roots for both 
initiation of primordia (Thorpe and Murashige 1970, 
Eliasson 1971b), and some subsequent outgrowth (Tew 
1970, Schier and Zasada 1973). The concentration of 
these carbohydrates is lowest immediately following 
leaf flush in spring, and reaches a peak in 
September (Tew 1970, Schier and Zasada 1973). 
Repeated removal of top growth, and consequent 
initiation and growth of new suckers, gradually 
reduces the vigour of regrowth of suckers (Berry and 
Stiell 1978, Perala 1974). Schier (1976) suggested 
that this was due to a gradual depletion of 
non-structural carbohydrates in parent roots. The 
declianée anavngourjiseslow, hsuggestingee1thergthat 
only a small proportion of the amount in the roots 
is used in the production of a crop of suckers, or 
that some replenishment of carbohydrates was taking 
place between removal operations. Hence, the role of 
young suckers in root carbohydrate replenishment has 
important implications for brushycontrol: 

While shoots may be less dependent on root 
carbohydrates after emergence, they may not begin 
immediately to restore depleted reserves. Young 
aspen suckers may continue stem extension until 


early autumn (Kozlowski and Keller 1966), and , in 
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doing so, use most current season photosynthates for 
apical growth. Young leaves (up to leaf 5) of 
Populus deltoides have a net import OE “carbon; e and 
almost all carbon exported from these young leaves 
moves acropetally (Larson and Dickson 1973). 
Assimilate movement in branches of mature Populus 
Species 1S mainly acropetal, at least until late 
June, when leaf expansion is practically complete 
(Donnelly 1974, Dickson 1977). After a late season 
defoliation, although generally initial root 
carbohydrate concentration would be high, there may 
be insufficient time for sucker development to reach 
the point of net basipetal photosynthate movement 
before leaf senescence, and plants would over-winter 
with a relatively low carbohydrate concentration. 
Suckers produced late in the growing season might 
not achieve frost hardiness before winter (Zehngraff 
1946). In the following spring, the development of a 
further crop of suckers would entail further 
carbohydrate depletion. The relative depletion of 
carbohydrates, and the consequent suppression of 
suckering from defoliation at different times during 
the growing season, iS important for optimal timing 
Or tGOnELol@operations:. 
The problem of aspen encroachment 
Since the settlement of western Canada by Europeans, 


and the consequent suppression of fires, conditions in the 


Py J F: 


“REC ONe ms set g 4 navn vf neal 


a ae 7 % 
| te . 


Riis 
vom eke Utold Sa 3.4 fh § ‘aqeevaneiie voreree 
oh eS yrisen tava irae sen SG wmad Ha ¢ ofttuaatieal” i ne 
ae ck aa ata epaota fare ya see 1 fn feg “neg 


i) | : . i 
o 


rwiniwh peve Ealiuhe et liad , shoe setida teal sie 

hbcioTsbeohee >a religous, wal eherivates a 320).¢) eee 
sigia agtaea gh leoad GAG fri ‘niet Geaod howd: ery an 

‘ inyendoed. .0aHes btoted abael oat, 18092 svelte renee 
Io, PewIeoe4 si nite Prices Ha wWablok ats is (ante, OF, _ 
Tt ee bua fietoue’ 16-4074. rete 
he ae dina tad fat Ynaddelaed sseib eden? 1 
im to hap ecgrtre _ secre * ska haa was erie ame: 7 a 


oi ruth we, st aeeu: +o ie) mond Din a 


oy a 


4 o 
i : tte y yd 
iT =e AT r r 
a Par ih 
; PL on fi 
s : : ; 5 " 
A. or a 7 : aa a) 
' StU) 7 "7 ' f i r 
: - i 7 t _ 
7 7 . = Ol 
; ’ : | : s it 
7 { Peat = 
$ : 7 / Re 
Ain i ip 
} ; : ‘ im , 


16 


tension zone between forest and grassland have tended to 
favour aspen sucker Survival (Moss 1932,1944). Consequently 
there has been a steady encroachment of aspen forest into 
the grassland. Bailey and Wroe (1974), working on Legal Land 
Surveys in Alberta, estimated the encroachment from 1907 to 
1966 to be 3.2% of total area. Scheffler (1976) estimated 
that aspen occupies over 10% of the total surface area at 
Kinsella, Alberta, an estimated increase of 45.5% in 60 
years. Johnston and Smoliak (1968) claimed an increase 0.75% 
per annum in the Cypress Hills of southern Alberta, although 
they presented no supporting data. 

The aspen parkland in Alberta falls within the black 
and dark brown soil zones (Wyatt et al]. 1944) and, as such, 
is good farming country if topography permits. However, much 
of it consists of "knob and kettle" topography, the result 
of glacial activity (Wyatt ef a/. 1944). Consequently, 
although soil and moisture conditions are sSuitabie for 
farming, a large proportion of the area (32% in statistical 
divisions 6, 7, 8, 10 and 11) is used as native range,’ of 
which 11% or approximately 210,000 ha is woodland (Canada 
Census 1976). 

Within the forest groves of the aspen parkland, herbage 
growth is limited by shading (Farmer 1963). Herbage yield 
under the forest canopy is very much poorer than in adjacent 
grassland (Table I.1). 

Free-ranging cattle apparently tend to prefer 


grassland. Within undisturbed forest in Alberta, Hilton and 
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Table I.1. Yield of herbage (kg ha~') in aspen forest and 
adjacent grassland communities in central (CA) and 
southern (SA) Alberta. 


Grassland Aspen forest Site Source 
1944 154 CA Bailey and Wroe 1974 
2064 250) CA Hilton and Bailey i974 
2009 304 CA Hilton and Bailey 1974 
183 442 CA Whysong and Bailey 1975 
1200 400 SA Johnston and Smoliak 1968 


Bailey (1974) found that cattle grazed 92% of the relatively 
low yielding vetchling (Lathyrus ochroleucus), but grazed 
very little else. In the grassland, however, the average 
level of utilisation of all herbage was 42%. Cattle grazed 
undisturbed forest an average of only 17.5% of the time, 
from late June to mid August, the remainder being spent in 
grassland and sprayed forest (Hilton and Bailey 1972). 

inevtah, aSmith ebealsh(4972) \recordedsthatvcattle 
grazing in an enclosed area for about two weeks in late July 
over 3 years following a clear cut, used an average of only 
3.3% of aspen sprouts, and this amounted to only 2% of the 
total weight of plant material of all species removed by 
cattle. Cattle (and deer) on open range removed 9.5% of 
available aspen. 

Aspen forest, then is relatively poorly utilised by 
cattle. In view of the poor forage yields, and the poor 
level of utilization within aspen forest, the presence of 
aspen trees rather than grass on pastures in the aspen 
parkland, and perhaps, parts of the mixed-wood association, 


represents a serious economic loss, especially since the 
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aspen groves usually occupy the more moist, and hence, 
potentially more productive sites in depressions or around 
sloughs. 

The removal of trees and their replacement with useful 
forage species offers potential for increasing the carrying 


capacity of this range for beef cattle. 


A. Brush control methods 

A number of methods of clearing aSpen are currently 
available. 
Mechanical 

Mechanical clearing in its various forms is probably 
the most popular commercial procedure for initial clearing. 
However, removal of the above-ground portion of the trees 
Stimulates vigorous suckering. In fact, clear cutting is 
used by foresters to encourage aspen regeneration where this 
is desired (Jones 1975). Following clear cutting Sampson 
(1919) recorded 259,000 suckers ha~' in Utah, Berry (1973) 
recorded 63,000 ha-~‘' in Ontario, and Perala (1979) recorded 
75,000 ha~' in Minnesota. 

In Saskatchewan, Bowes (1975) recorded 47,000 stems 
ha~‘ in country cleared by a bulldozer, disced twice, and 
sown to forages using a drill. In central Alberta, Bailey 
(1972) recorded 84,000 aspen suckers ha™' following 
mechanical removal of the tree overstory, and 132,000 ha™' 
where, in addition, the ground was disced twice. In 


north-central Alberta, Pringle et a]. (1973) cleared aspen 
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forest with a bulldozer, and pecorded 43,000 suckers ha“', 
and 75,000 ha-' where the ground was disced once as well. 

It seems that the more mechanical disturbance the tree 
suffers over a short period, the greater the subsequent 
number of suckers which emerge. Schier (1976) contended that 
repeated removal of the top growth would eventually exhaust 
the carbohydrate reserves of the roots and bring about a 
decline in suckering vigour. There is some evidence to 
Support this contention. Berry and Stiell (1978) reduced 
sucker density to 1.3% of initial density after 9 years by 
“annual cutting in the dormant season. Perala (1979) required 
7 years of annual winter cutting to achieve a similar 
measure of control. 

Such repetition of mechanical operations is both 
laborious and expensive. Where the ground is being prepared 
for cash cropping, or even an intensive beef operation, the 
process of mechanical clearing and plowing, followed by 
repeated mowing, may be quite economic and certainly 
effective. Where the country is to be used as extensive 
cattle range, the total cost of forage establishment by 
mechanical means is unlikely to be recouped from increased 
returns from beef cattle. Furthermore, if herbicides or fire 
have been used for the initial overstory kill, the presence 
of dead and fallen timber prevents mowing or other 
mechanical operations to control suckers, and some 
alternative must be found to prevent rapid reversion to 


forest. 
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Herbicides 

Herbicides would seem to be a realistic alternative to 
mechanical operations for controlling aspen. However, the 
published evidence available on the action of herbicides on 
mature trees is disappointing. 

Hilton and Bailey (1974) achieved "little tree damage" 
Pronwasmaghium dor 2 kg ha?" aJi.*)*applaeativon. of) 2,4=D 
butyl ester, but heavier applications (3 - 4 kg has? anne) 
Stimulated suckering. A second application a year later at 
the same rate finally achieved some measure of kill at the 2 
kg ha~* rate and stimulated vigorous suckering, while at the 
4 kg ha~' rate there was an effective reduction in density 
of previously stimulated suckers. 

Bailey and Anderson (1979) sprayed a young aspen/balsam 
poplar/willow community (average aspen height 8 m) with 
2,4-peester: (2.2 kgijha “a.i%)) and® recorded™a™ reduction®in 
cover one month after treatment, but they found no 
Significant change in aspen stem or sucker density. 

Some degree of control, then, was recorded on some 
occasions, using heavy application rates. Stearman (Alberta 
Agric., personal communication) points out that 2,4-D and 
2,4,5-T will only be effective if applied with large volumes 
of water. There should be enough water to achieve run-off 
from leaves. With mature trees this would require a 
prohibitively large volume, making aerial application 
impractical. 


‘Active ingredient. 
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There has been more success reported on the effect of 
herbicides on sucker regrowth. Bailey (1972), using a single 
applicationro£ 274-Deester (2ukquha7$tarisdeone iyear after 
clearing and seeding an aspen forest, reduced sucker density 
by 40%. No further applications were made though they may 
very well have further controlled suckering. Sown alfalfa 
was eliminated. 

Bowes (1975) achieved a 75% reduction in sucker number 
WieneaZzekGuna whaen.nOl 24-D/2n4 5 -Teappiiedsins dune, two 
years after clearing, discing, and sowing to forages. A 
second application the following June reduced sucker density 
a further 15%. However, about 200 stems ha~' remained, and 
this would leave sufficient live roots for the area to 
eventually revert to forest unless some further control 
operations were undertaken. 

Very little 2,4-D applied to the leaves of aspen is 
translocated to the root system, even if the application is 
just prior to leaf fall (Eliasson and Hallmen 1973). 
Apparently the chemical is readily transferred from the 
phloem to the xylem and transported acropetally. Thus it 
tends to concentrate in the apex, with very little reaching 
the root system, which may explain, in part, why its action 
is not more permanent. 

Bowes (1976) used a 2,4-D/picloram mix two years after 
clearing and sowing, and found that aspen shoot number 
declined 43% more after one application than without it. 


Sown alfalfa was completely eliminated. Almost 3000 aspen 
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stems ha~' remained, and control operations of some sort 
would have to be maintained to prevent reversion to forest. 

In another experiment, Bowes (1978) applied a 
2,4-D/2,4,5-T mix to aspen regrowth in a brome/alfalfa 
pasture and measured only 35% reduction in aspen cover 
compared with untreated plots two years later. A 
2,4-D/dicamba mix reduced cover by 60% and a 2,4-D/picloram 
mix reduced it by 89%. He did not describe persistence of 
the alfalfa, which had been sown after the initial 
mechanical clearing operation, fared, but little survival 
seems likely. Further control measures would be required to 
prevent reversion to forest. 

The cost of repeated applications of herbicide may be 
Substantial, since they would probably have to be made from 
the air, unless the trees and logs were removed by 
mechanical means. Furthermore, herbicides are frequently 
Subject to restrictions associated with chemical residue. 
Picloram is, at present, restricted in its use until more 
evidence is available on its persistence in the environment 
and its movement in the food chain of man and beast. At 
present, GuSe4of o2,435-T Sfor vaspenicontroltistilbegaliin 
Alberta and Saskatchewan. Application of any of these brush 
control chemicals would undoubtedly eliminate all trace of 
alfalfa and other herbaceous legumes. 

In general, the action of herbicides on mature trees is 
uncertain, being limited either by solvent volume, or by 


environmental hazards. On sucker regrowth, some measure of 
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control may be expected from the use of a 2,4-D/2,4,5-T mix, 
and even better control from a 2,4-D/picloram mix if it is 
not environmentally hazardous, but at least two applications 
are required, and probably more follow-up operations after 
that. 
Burning 

Fire can be used for a variety of management purposes. 
Indians practiced spring burning of prairie grassland to 
improve the quality of feed available to bison, thereby 
concentrating them and facilitating hunting (Nelson and 
England 1971). Prescribed burning has been widely used by 
land managers to regenerate decadent stands of aspen 
(Sampson 1919, Perala 1972, Bartos and Mueggler 1981). 
Prescribed burning is recommended by foresters to 
re-establish aspen stands after harvest in cases where 
complete clearcutting is not possible (Perala 1974, DeByle 
197-6) 2 

These applications have the common objective of 
promoting suckering by achieving a total kill of 
above-ground vegetation. For permanent removal of aspen, 
such an operation must be followed by further control 
treatments. Some success has been achieved with repeated 
burning. 

In Minnesota, Buckman and Blankenship (1965) achieved a 
94% decline in sucker density in 4 years by repeated burning 


in early spring before the onset of the growing season. 
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Likewise, Perala (1974) reported a decline in sucker 
number following burning in spring before leaf flush. His 
burning operations were conducted every second year. He 
pointed out that, generally, burning operations cannot be 
repeated annually or even biennally in aspen forest due to 
lack of fuel. Certainly, this is the experience in Alberta 
(Bailey, personal communication). 

Following initial burning, then, a different process 
for top growth control is necessary. 

Grazing 

Early workers in the aspen forest communities of North 
America were aware of the impact of cattle on aspen 
regeneration. Sampson (1919) reported that cattle browsed up 
to 36% of the aspen suckers in standing timber, and 20% of 
suckers emerging after a clear cut. 

Moss (1932) considered that continual browsing by 
cattle would prevent aspen regeneration in the aspen 
parkland of western Canada, but he presented no supporting 
evidence. 

In Utah, Smith et a]. (1972) measured 22% mortality of 
suckers attributable to the presence of cattle, in an aspen 
forest one’ year after clear cutting, 10% in the*second year, 
but enone in the third” year: Cattle selectedtmore aspenyon 
open range than in controlled grazing enclosures. 

In the aspen parkland of Alberta, cattle with access to 
forest treated with herbicide, and to open grassland, 


removed at least some leaves from an average of 20% of 
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available aspen suckers in the forest, but the range of use 
between different sites varied from 3% to 43% (Hilton and 
Bailey 1974). 

The reason for the variation in utilisation in the 
reported studies is not clear. The level of available 
alternative forage has a marked influence on diet selection 
(Heady 1964). However, in the study by Smith et al]. (1972), 
there would have been a wider range, and greater quantities, 
of alternative forage species on open range, than in areas 
of controlled grazing. This would have led to selection of 
less aspen on open range than under controlled grazing, 
unless, in fact, animals were grazing aspen preferentially. 
Smith et a]. (1972) only provided herbage yield data 
averaged over three years and, although no measure of error 
was reported, the available herbage in the controlled 
grazing and open range areas (937 and 868 kg ha™') was not 
Significantly different in biological terms. In Hilton and 
Bailey's (1974) study, differences in available herbage were 
small and varied positively with aspen utilization. 

Some variation in the acceptability of aspen suckers to 
cattle may arise from genetic differences in plant 
palatability. Clonal (genetic) variation in aspen is 
important in many other characteristics, e.g. suckering 
(Schier 1974), growth and maturation (Barnes 1966), 
carbohydrate reserves (Schier and Johnston 1971), and decay 
(Wall 1971). Palatability may be influenced by the age of 


the foliage (Heady 1964). Brundage and Branton (1967) 
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demonstrated changes in diet selection by cattle over a 
season as the various species matured at different rates. In 
the studies of Hilton and Bailey (1974) and Smith et al. 
(1972) sampling took place relatively late in the season 
(mainly July) when variation in sucker age would add to plot 
variation and contribute to sampling error. Smith et al. 
(1972) observed that selection of aspen in open range 
increased as the season progressed from spring to autumn. 

Recently, Bryant and Kuropat (1980) ARE cates a 
strong negative correlation between ene plant species 
selected by moose (Alces aices) and their "resin content", 
resin being defined as consisting largely of terpenes and 
phenolic resins. They concluded that animals select mature 
current growth against younger new growth, the latter being 
high in resins. This is consistent with the observations of 
Smith et a]. (1972) and may explain, in part at least, why 
the palatability of the aspen suckers seemed to change 
through the growing season. 

It would seem that the selection of aspen suckers by 
cattle is highly variable, and that the causes of variation 
are poorly defined. With more information about the factors 
influencing the selection of aspen by cattle, grazing might 
well serve as a useful low-cost adjunct to other brush 
control operations, especially where logs and stumps prevent 
mechanical operations, and where cost is a limiting factor. 
Use of the grazing animal to remove regrowth offers the 


added advantage that the vegetable matter produced in the 
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regenerating forest becomes a forage resource rather than 


Simply being destroyed. 


B. Experimental objectives 

If cattle are to be considered as a possible aid to the 
control of aspen suckers, it is necessary to determine the 
factors which influence the extent to which they will 
utilize them. 

If clearing operations are to be of any lasting benefit 
to livestock producers, the trees have to be replaced by 
useful forage species. Preliminary results indicate that 
forage seeds will germinate in the ash following a fire, but 
that seedlings are unable to compete with regenerating brush 
species (Bailey, personal communication). Heavy grazing may 
reduce competition from regenerating brush species, and 
enhance forage seedling establishment and survival. 

The timing of regrowth control operations, including 
grazing, has received scant attention in the literature. 
Canada Agriculture recommends that control operations be 
Carried out in spring, to coincide with the time of lowest 
carbohydrate reserves (Friesen et a]. 1965). Such timing was 
expected to exhaust energy reserves faster than at other 
times of the year, and to lead to the most rapid decline in 
suckering vigour. However, the net balance between 
carbohydrate depletion from outgrowth of suckers, and 
carbohydrate replenishment from emerged and 


photosynthesising regrowth, was not known. 
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Therefore, an experiment was conducted to determine: 

1. The selection of aspen by cattle as influenced by season 
of grazing, age of stand, and the availability of 
alternative forages. 

2. The effect of heavy grazing early or late in the growing 
season on: 

a. aspen forest succession following burning, 


b. the establishment of broadcast forage species. 


A second experiment was conducted to establish the 
effect of clipping at various times during the season on 
root carbohydrate levels at the end of the season, and then 
to separate the effect into: 

1. decline in non-structural root carbohydrates (TNC) due 
to shoot development, 

27 oe NC replenishment due to subsequent shoot 
photosynthesis, 

3. the effect of the subdominant suckers, growing in Shade, 


on TNC replenishment. 


C. Experimental site 

The field experiments were conducted on the University 
of Alberta Ranch at Kinsella in the aspen parkland of 
Alberta (approximate latitude 53 02'N, longitude 111 33'W), 


at an elevation of between 700 and 900 m above sea level. 
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Wonders (1969) classified the area as "dry subhumid". 
The climate is characterised by cold winters and mild dry 
Summers. Average annual precipitation is 432 mm of which 75% 
or 323 mm falls in the growing season from April to 
September inclusive. The standard deviation for growing 
season precipitation is 99 mm, based on records for 19 
years. Generally precipitation at Kinsella falls as rain 
from April to November, and as snow from December to April, 
with frequent exceptions. Average monthly precipitation as 
recorded at the University of Alberta Ranch from 1962 to 
1980 is presented in Table 1.2, together with monthly 
precipitation for the period of experimentation. The weather 
Station was approximately 3 km east of the site of the field 
Studies. Mean monthly temperatures (records over 19 years), 
and temperatures for the experimental period are presented 
in Table 1.3. The normal frost-free period is 100-120 days 
from mid to late May to early September (Wonders 1969). 
Evapotranspiration in central Alberta averages from 120 to 
180 mm per annum (Wonders 1969). 

The experiments were located on strongly undulating 
country described by Wyatt et al. (1944) as part of the 
Viking moraine left by the Keewatin ice sheet 15,000 years 
ago, and having "frequent rolls and kettle holes" with "many 
sloughs and lakes". Wyatt et al. (1944) classified the soils 
as unsorted glacial loams with an average of 7-10 cm of 
black topsoil. Profile depth and texture vary in a catena 


from heavy and shallow on the knolls to relatively deep and 
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Table I.2 Monthly precipitation (mm) at Kinsella from 1979 
to July 1981, and the monthly average (19 years). 


1979 1980 198 1 1962-80av. 
January LONG ZOD 4.0 24.1 
February 20:3 eleeee 4.7 Wow 
March 36 3206 8.4 D6 
April Lome. 7.9 Zane iene) 
May 25,0 51.4 TOO £50 
June 46.5 Oe 2983 ase. 
July 120592 lehOves 53.5 86.4 
August 34.7 2 Sie S05 
September 55-; 0 300 B73 
October 4.2 16. oe) 
November Shs 7) 4.3 jeu 
December Ia/een 330.9 203 
Total Sheloie Gaon 431565 


Table I.3 Mean monthly maximum and minimum temperatures (°C) 
in 1979, 1980, and the 1962-80 average. 


1979 193.0 1I6 2 G0RAV.. 

MAX, MIN. - MAX, MIN. MAX. MIN. 
January Sli a2 Oe, Sali nah ZU 6 =a 2) 
February me SRS, tot eaeles 6 =340 cm how 0 = Drea = 15.0 
March 20 = Ore mr tele) a CAR. ile y orlke hts 
Aprad 4,0 =4..0 16e0 Zi 87..0 S06 
May 14.0 4.0 206 5.4 Mess bits 
June 20:20 TOG 200 Gee ieee 10.4 
July 2050 P3730 BORG 10.0 Zula Raa S 
August 220 vOF 0 TGnw 7.9 2ulGio 10.8 
September 18.0 70 16.8 4.0 Lois Site 
October Lal ea 243 oc 13 Cia 0 
November rare Tekan, 5. Sane. subd mG eek 
December ste leee. «Noo (teks Olas SOF ay =959 = Ono 
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friable in the valleys. The calcium horizon occurs at a 
depth of from 40 to 60 cm. These soils are known broadly as 


black chernozems. 


II. INDIRECT ESTIMATION OF WOODY PLANT BIOMASS 


A. Introduction 

In order to estimate changes in the relative preference 
of cattle for the major woody plants in the aspen forest, 
the weight of material of each species present had to be 
determined each day through the GraceRiGeaieds 

The most direct method of determining weight of the 
above-ground material is by destructive sampling, drying, 
and weighing. However, as Rutherford (1979) points out in 
his review of the subject, the process has a number of 
important drawbacks; 

1. Firstly, woody shrub communities tend to be highly 
variable, and usually, at least 15 samples per plot or 
community are required to minimise the standard 
deviation. The larger the area to be sampled, the 
greater the variation encompassed, and the more samples 
which are required. Usually it is useful to stratify 
into sub-communities, and this involves more sampling. 

2. Secondly, with small plots on which estimates must be 
made daily, the destruction of plants by sampling may 
eventually have a substantial impact on the plant 
community and mask or bias treatment effects. 

For this reason, destructive sampling was not considered 

compatible with the studies reported in Chapters III and V. 

In the latter study, an estimate was required of the total 


dry matter of each species each day as the grazing period 
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progressed from 0 to 10 days or thereabouts. Furthermore, 
because variation in the shrub community was expected to be 
large, it was considered useful to estimate changes on the 
same fixed sample areas, a technique only possible with 
non-destructive sampling. 

A number of techniques have been developed for 
non-destructive estimation of the available browse and the 
amount removed by browSing animals. The most rapid is the 
twig count method -as tested by Jensen and Scotter (1977). 
This method merely provides an estimate of proportional 
utilisation without providing an estimate of biomass. Jensen 
and Scotter (1977) compared twig count and twig length 
estimates of utilisation, and found a reasonable 
relationship at low levels of utilisation (r’*=0.8) but only 
a very poor relationship at heavy levels of utilisation. The 
twig count seems more useful if combined with other 
measurements. 

Shafer (1963) devised a function for converting twig 
numbers to total weight of browse, based on the average 
weight of browsed twigs as estimated by Clipping ./Thestength 
of twig clipped was based on the average diameter of browsed 
twigs. Since the twig weight estimate depended on a 
particular intensity of browsing for estimation of the 
appropriate mean diameter of browsed twigs, the system is 
satisftactory™for range inventory studies” but isnot 
Satistactory° where ft/is desired’ to measure thereffects of 


changes in browsing intensity. 
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Schuster (1965) used length as an estimator of weight 
in combination with twig number and explained between 74% 
and 97% of variation depending on species. He found that 
twig length was the single variable most closely correlated 
with both shoot and twig weight. Stem diameter was less well 
correlated with weight. 

Basile and Hutchings (1966) found a reasonable 
relationship between the diameter of bitterbrush twigs and 
their dry weight (r?=0.89) and between twig length and dry 
weight (r?=0.87). When both diameter and length were used, 
theysobtatned dan tuatorl 40795): 

Rutherford (1979) listed a number of studies in which 
good relationships were established between diameter and/or 
length and weight of browsed twigs including one on aspen 
(Telfer and Cairns 1978). 

Allwof thistwornk has centredyonsthesestimatirom of 
browse rather than total biomass. Allometric estimation of 
biomass of the whole aerial portions of the plants has 
usually involved the same parameters as those used in twig 
estimation, particularly diameter. Perala (1973) developed 
stand equations for estimating aerial biomass of aspen based 
on the square of the tree diameter at breast height (DBH) 
multiplied by the height. These equations explained 99% of 
variation. 

This predictive parameter has been widely used in 
forestry circles (Berry 1973, Bella and De Franceschi 1980). 


Bartos and Johnston (1978) achieved a good prediction 
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(r?=0.997). using DBH only. This had obvious advantages for 
use in field estimations, but, as with all these equations, 
was site-specific. Koerper and Richardson (1980) found that 
DBH wasS a good predicter of the woody portion of the tree 
(r?>.94) but was less reliable for leaves and new growth. 
Addition of height improved this estimate, especially 
between sites. However, they pointed out that height 
estimates were prone to too much error for them to reduce 
the confidence interval for the regression, and direct 
measurement of height is usually impractical. 

In general then, foresters have selected the 
measurement that is most convenient to them, while still 
providing a satisfactory estimate. 

In the experiment reported here on aspen suckers, a 
height measurement was much more convenient than a diameter 
measurement. Plant height has been used as the predictor 
much more rarely. Kelly and Walker (1976) used it to measure 
seasonal growth of the Zimbabwean tree Colophospermum mopane 
(r?=0.72), and with the shrub Combretum apiculatum 
(r?7=0.86). With other species, the best regression involved 
volume or diameter parameters as well. 

It seemed that the best estimator of weight from 
non-destructive sampling would be derived from a combination 
of height and diameter. Daily measurement of height and stem 
diameter was attempted but found to be too time consuming. 

If a single measurement had to be chosen it had to give 


an indication of the extent of browsing. If plant height was 
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measured before grazing, then the decline in plant height 
could be used as such an indication if a good relationship 
could be established between plant length and plant weight. 
A measurement of basal diameter would give no indication of 
browSing, and a diameter measurement of browsed stems was 
far too time consuming. 

With single-stemmed suckers in their first and second 
year of growth one might expect a length measure to be akin 
to the twig length measure which was found adequate by 
Schuster (1965) and Basile and Hutchings (1966). 
Consequently, it was decided to base estimates on a 
measurement of the changing height of each plant within 
fixed quadrats. 

In this experiment, a predictive estimation of the dry 
weight of the four major woody species of the regenerating 
aspen forest was developed from plant height, for unbrowsed 
and subsequently browsed plants. Daily measurements of 
height of these species were made within randomly located 
quadrats, the position of which was fixed to allow repeated 
daily measurements. 

The estimation of weight of plant material from these 
height measurements was derived from the sampling of these 
major species in regenerating forest adjacent to, and 
treated identically to, the experimental paddocks. The 
relationships developed were needed to estimate the weight 
of browsed plants as well as entire plants. Hence, 


relationship between height of browsed plants and their 


“ 
v on my ‘am: 
vy — 


hh 


vu Bes i 


; oy aoe ny : 
or) “oe gare shod! wr Reade ibe ih") 
Dee ng ae! Biodsiow eh xt 4. ee vale ier Si aol o 
vel wagapedn, wane? @ a0 sake waLrenen ddenet ‘ n ms ' 

Seed aon Het ae bre latinet oy, each ia ” 


re ee Petr iiss ane. 3) 9a 


ATOR se oe ig sen ise en beeets S00aRet 


iy 


| 3) ane 
oo , nn 
S2eabeekises’ oF) PAIS y ease a siiie oe as any ry 
a . : i ey 
; - an | doe Oi 
se luateneped! edieudenade eather Gopor) at am wot off 29 Speer 


sw wnat MO Asdgtse 4Aahs ees Oae terran gan seutghy 
‘ ocne@eipesen Yasue -aineig teewowW Yl7 
PEND OBY ‘aidebe aban 237" tehoogk SRene 7a! sstotads- 
sassy wolle° oa Bia Saw. Ala IC mk PLROG os, ¢Ra h 
| : ; . ee ‘| 
-amegts | migra. Layaad an dally to. Weiss io voli 
naw: Te wit iQgae: stp ged toavtreG auw Bee 
we woe sie sacha eered BAisesoneesy HF 


saa aia — ond .o: vuligh 


rr 


ou, 


weight involved a special adaptation of the direct 


regression of height on weight. 


B. Methods 

In 1979, concurrent with the grazing of both the early- 
and late-grazed treatments, a sample of the aerial portions 
of 100 plants each of aspen, rose, raspberry, and snowberry 
were randomly collected from regenerating forest adjacent to 
the experimental paddocks. These sampled areas had been 
treated identically to the experimental areas prior to 
grazing. 

The samples were taken to the laboratory and frozen. 
Some months later they were thawed and 40 of each were cut 
into six sections, oven. dried at 65°C for 24 hours and 
weighed. The portions consisted of the lower 50% of the stem 
divided into two equal portions (25% each), and four equal 
portions of the upper 50% (12.5% each) which allowed a 
cumulative determination of the weight of 25% of the 
het ght, 50% G62 59 ay Seo oe and: Euldeherght. 

The standard deviation of weight of the full eGo 
based on 40 plants was not reduced by using the remaining 60 
plants of the original sampling. Hence only the 40 sectioned 
plants were used in determining the height: weight 
relationships. 

The regressions which best fitted the relationship 
between full height and weight were quadratic polynomials 
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the best fit for regressions of proportions of height and 
equivalent weight. For each species, the coefficients from 
these regressions were plotted against proportion of height. 
Regressions (third degree polynomials) fitted to these 
points could then be used to determine the appropriate 
coefficients for insertion into the original height:weight 
regression for that species. In this way it was possible to 
calculate the weight of a Species at full height, or portion 
thereof. 

In 1980, plants inside the experimental area had been 
grazed, so that they were morphologically unlike the 
ungrazed plants growing outside. Hence, it was not possible 
to get samples of regrowth of rose or raspberry, outside, 
and sampling inside the paddocks for these now relatively 
rare but preferred species was considered likely to have too 
much impact on the plant community and to lead to bias in 
both grazing behaviour and plant succession. Aspen, however, 
could be sampled in June in the early-grazed plots because 
it was abundant. Late-grazed aspen was also estimated from 
this June sampling. 

For rose in 1980, the relationship established in late 
1979 was considered adequate because by that time the plants 
were relatively mature with an established woody portion. 
RoGceeplants Sine 980shadwavsimi Varistrueturne, 

The structure of raspberry plants in 1980 was similar 
to newly emerging plants, since top removal during the 


previous season had killed top growth, which resulted in new 
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shoots emerging from rhizomes below the ground (see Chapter 
III). Growth and development was slow, and hence, the 
relationship for early 1979 was considered the most 
appropriate. 

Snowberry, in 1980, was similar in structure to 
snowberry at the end of the 1979 growing season. 

For comparison with height/density estimates, a direct 
estimate of total woody plant biomass was made concurrently 
with height and density measurements by harvesting aul plant 
material within 0.5 m* quadrats. There were 10 quadrats per 


plot (30 per treatment) paired with the density and height 


observation sites... 


C. Results 

The regression equations which best fitted the 
relationship between height and weight are presented in 
Tablespnl a Wik. Zee bras sand Lin4ewhreh show, coefirchents and 
r? values. 

The relationships between these coefficients (Db, and 
b,) and percent height for each species at each sampling 
time were best described by third degree polynomials shown 
int®TableshilaStandtlase. 

Given the unbrowsed height (H) of a plant, these 
regression equations could be used to predict the 
appropriate b values for use in the quadratic equation 
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Witeial 1 £4,)r, 

Observations of grazed plants in the eoeoraen study 
(Chapter V) included measurement of the initial height and 
subsequent browsed height of the aspen, rose, raspberry and 
Snowberry. By means of an APL computer programme (Appendix 
B) the average height of a species was calculated as a 
percent of initial height (step 8) and Db values for that 
Species Gece abinened in steps 20 to 21) used to predict 
weight in grams per plant of those species (step 23). The 
appropriate b values were added by hand to the matrix of 


Gata being transformed. 


D. Discussion 

In Table II.7 a comparison can be made of the estimates 
of weight of woody species from height/density measurement 
and the estimate from direct harvesting. The table 
illustrates the variability associated with the direct 
harvesting technique for biomass estimation. In no case are 
the two approaches significantly different, but the trend of 
overestimation by clipping or underestimation by height 
measurement is apparent and consistent. The relationships 
between the estimations at different dates are consistent, 
and it is the comparative aspect of the estimations that is 


important for establishing relative preferences. 


Table II.1 Regression coefficients for linear quadratic 
Pegressions whien pass through the ‘origin, for /proportion (of 
height (%H) on its equivalent weight, for aspen sampled 3 
times in 1979/80. 


Regression coefficients 


Sample %H joe bs rie 
1979 Early 100 = OMG .0020 92 
si ffepe =O 95 s0'0'20 «92 
75 =O ZUG .0019 wo2 
62.5 = nO)" 0 4 EO Oils? Os 
50 ORS 2e045 90 
25 =. 006 .0007 hisis: 
1979 Late 100 = ee SOOS5 96 
7.5 = ARO 20035 Pie 
7S = AES nOOS Ss a97 
6252.5 ear nha .0029 96 
50 sak 8 315) .0024 .96 
25 Oey s 6) NO Oi2 ~95 
1980 Early 100 OS 6 .0048 94 
Cpa Sin Ne eUO50 oS 
5 =, (244 .0047 96 
62.5 ip KERRY .0042 295 
50 St OO: .0034 93 
25 = 0599 .0017 .90 


Table II.2 Regression coefficients for linear quadratic 
regressions which pass through the origin, for proportion of 
height (%H) on its equivalent weight, for rose sampled early 
Onmlare ani 1979. 


Regression coefficients 
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Table II.3 Regression coefficients for linear quadratic 
regressions which pass through the origin, for proportion of 
height (%H) on its equivalent weight, for raspberry sampled 
eanlyeorplate angi1979. 


Regression coefficients 


Sample %H D, D2 Ee 
Early 100 ee O42 .0024 . 88 
Mas = 04.99 .0024 Aish 
75 me 220 .0023 yee 
G25 =e L6G .0018 wow 
50 =O 1.08 .0014 Bots) 
25 -.0054 .0006 Weel 
Late 100 = 67.7 BOUsH Fists 
Ba5 en OUS7213 .0029 ou 
15D cee hohart) -0026 O05 
6265 me 0169 “OO22 Arh: 
50 =. 0589 Oi? OZ 
25 a O18 .0006 Ar AS: 


Table 11.4 Regression coefficients for linear quadratic 
regressions which pass through the origin, for proportion of 
height (%H) on its equivalent weight, for snowberry sampled 
Carey orelatre angwi379% 


Regression coefficients 


Sample %H D, D2 r2 
Early 100 = 043 .0016 09 
Sidawo 70.091 =0,0345 88 
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Table II.5 Coefficients for regressions of b, values from 
height:weight quadratic regressions on percent height, for 
aspen sampled 3 times, and rose, raspberry, and snowberry 
Sampled twice each. 


Regression coefficients 

Spp. Sample a bs faye. lage i 
Aspen 1979 Early .0183 1431 poo y = s0566 5S 
Late O15 -,1549 Reho Os 2AES Soh) 

1980 Early Oras! OF, m2og OS27 8/2) 

Rose 1979 @haceey O24 sory pee -0703 0058 oe 
Late ied OM eke: -.0040 eo S73 ~0415 Sie) 

Rasp. 1979 Early -.0261 .1677 -.4012 S246 So 
Late 70158 eos yd lehoye: . 1660 328 

Ssnowb. 19/9 (Barly  —-—.0280 oS) i Sif /eNs SAL iis no 


Late eG gle] BOIS 2 ine Pails) Pe 9 Peels) 


Table I1.6 Coefficients for regressions of b, values from 
height:weight quadratic regressions on percent height, for 
aspen sampled 3 times, and rose, raspberry, and snowberry 
Sampled twice each. 


Regression coefficients 

Spp. Sample a lay; D2 lal r? 
Aspen 1979 Early -.0005 .0056 aie ODE. 0005 ooo 
Late 700CH .0038 20037 -.0041 SIs 

1980 Early .0005 0028 .0108 miUSS "og 

Rose 1979eBarly) = .0004 70039 =. 0020 .0002 Jets 
Late = 0000 UUs ei 0 tet arn Ore eh 

Rasp. 91979 Barly .0006 Sauer .0124 el) 0 iO e}e) 
Late ae 0.5 .0045 00 10 = Oa se he 

Snowb. 1979 Early .0005 =, 0.026 .0086 -.0048 woo 
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Table II.7 Biomass (kg ha~') of woody species at two grazing 
times in 1979 and 1980, estimated from height/density and 
from direct clipping, showing 95% confidence intervals. 


Estimation type 


Height/density Clasping 
1979 Barly 4457 491 1186) 2774 
137 97Late S103" 2186 21257 21183 
1980 Early 824 +90 : 1242 +569 


1980, Late 1453 +147 1610 +684 
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III. EFFECTS OF GRAZING ON REGENERATING ASPEN FOREST 
A range of aspen brush control methods and frequencies have 
been investigated, but the only work on season of operation 
has been conducted by foresters wishing to promote suckering 
of aspen. They have concluded that clear cutting in the 
dormant season should stimulate more suckers than cutting in 
Spring or summer, early or late (Zehngraff fosoms toseReler 
and Macon 1956). For brush control, the timing of top kill 
has not been systematically investigated. 

Competition from vigorous grasses may aid in control of 
aspen suckers. Bailey (1972) recorded less aspen regrowth 
where cleared and ploughed ground was sown to alfalfa and 
bromegrass. Furthermore, if aspen is to be cleared to 
improve the rangeland for beef cattle, it must be replaced 
with useful forage species. Preliminary attempts to 
establish forages by broadcast seeding after fire in aspen 
forest indicated that the method may be effective, providing 
competition from brush regrowth can be controlled (Bailey 
1978). This technique was employed in the field studies 
reported here. 

The experiment reported in this chapter was to 
determine the effect of time (i.e. season) of heavy grazing 
by cattle on the growth and botanical composition of a 
regenerating aspen forest seeded to forage species following 
burning. 

In the experiment, the effect of defoliation at the 


time of minimum carbohydrate was compared with defoliation 
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jUStyprior) to leafufall, when»carbohydrate is high (Schier 
and Zasada 1973), but when no time remains for carbohydrate 


replenishment before the dormant season. 


A. Methods 
Experimental design 

A mature aspen forest at Kinsella was burned in May 
1972 and the seven year old regrowth burned again 15th May 
1979. All top growth within the experimental area was killed 
ise the fire. Prior to burning in 1979, trees were about 3-4 
m high, with an average DBH?.of 2.0°+0.3 cm. Aspen density 
was estimated at 23,100 +8,300 ha~'. Such a stand would 
correspond to a stand on a relatively good site in the 
mixed-wood section of the boreal forest (Bella and De 
Franceschi 1980). 

Three days after the 1979 fire, it was sown to a 
mixture of seed of 2.8 kg ha™' of alfalfa (Medicago sativa 
cv. Drylander) inoculated with rhizobium, and 7 kg ha~' each 
of bromegrass (Bromus inermis cv. Magna), orchard grass 
(Dactylis glomerata cv. Kay), and creeping red fescue 
(Festuca rubra cv. Boreal). The seed was broadcast as evenly 
asepracticable, from a "cyclone" seeder. 

The area was subdivided into six paddocks of an average 
0.5 ha each, to provide three replications of each of two 
grazing treatments. Approximately 30% of each paddock was 
native grassland, and the remainder was regenerating aspen 


2DBH: Trunk diameter at breast height (1.3 m). 
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forest. Three paddocks were heavily grazed with cattle from 
Sth to 17th July (12 days), soon after emergence of suckers 
of regenerating forest species, this being the time when 
root carbohydrate concentration is lowest (Schier and Zasada 
1973) 

The remaining three paddocks were heavily grazed from 
22nd August to ist September (10 days); i.e. just prior to 
the breakdown of leaf chlorophyll in late summer, and 
approximately coinciding with the expected time of maximum 
root carbohydrate concentration. 

The objective of the grazing treatments imposed was to 
completely defoliate all accessible material. Since grazing 
was considered to be a substitute for a mechanical removal 
operation, the defoliation was conducted over a short time 
interval to prevent any grazing of subsequent regrowth. In 
1979, complete defoliation within about ten days required 8 
animalsshant forsearlyagrazing, fands25vanrmalsshaw¥)for late 
grazing, where there was more material to be removed. In 
1980 the "early" treatment was grazed with 8 animals ha@™' 
from 31st May to 13th June (13 days), and the "late" 
Greatment wuthea2/ sanimals shastvfromeiSthttos23rd August ets 
days). 

Grazing achieved complete or near complete defoliation 
of all species, except snowberry, in both treatments. 
Generally, cattle were more reluctant to graze forest 
species early than late (see Chapter V), and had to be 


retained on the early grazed paddocks for longer to achieve 
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comparable defoliation. 
Measurements 

Density and height of individual woody species within a 
grazing treatment were estimated from counts within ten 1 
m-? fixed quadrat een established at random within the old 
aspen forest in each paddock (30 per grazing treatment). 
Estimates within each grazing treatment were made at the 
commencement of that grazing period. Daily height 
measurements in the fixed quadrats were used for 
non-destructive estimates of weight and botanical 
composition during the grazing interval (Chapter II). 

Biomass and botanical composition estimates were made 
coincident with grazing in 1979 and 1980, and on July 7 
1981, at predetermined distances and directions from the ten 
fixed sites in each paddock. All material within these fixed 
1 mx 0.5 m quadrats was clipped, sorted into species, dried 
in a draught oven at ca. 100°C for 24 hours, and weighed. 
Statistical analysis 

Estimates were subjected to analyses of variance by the 
method of least squares. Treatment variances for biomass and 
botanical composition were tested against the variance of 
replications within treatments, this being the sum of 
replication and replication X treatment variances. The usual 
experimental error is the replication X treatment variance, 
but with only two experimental treatments, it was expedient 
to accept the penalty of a larger error variance because it 


allowed more degrees of freedom for testing treatment 
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effects. There was no advantage in expanding the error 
variance for testing density and height data. Consequently, 
variances of density and height data were tested against 
replication X treatment variances. 

Effects of grazing season treatments on biomass were 
analysed separately for each sampling time (May or August 
1980, and July 1981). Comparisons between samplings were not 
made because seasonal sampling time varied. The estimates of 
biomass were of plants with different seasonal growth 
patterns. Consequently, comparisons of biomass, determined 
at different seasonal times, would be confounded with these 
different growth patterns. 

Sampling times for density and height estimates for 
1979 and 1980 were established to serve the purposes of a 
Study in cattle diet preferences described in Chapter V. 
Early grazing treatment estimates were made in June or early 
July, and the late grazing estimates in late August. 
Consequently, effects of grazing season, within 1979 or 
1980, on density and height of woody plants, could not be 
compared. Since the seasonal time of sampling in 1979 and 
1980 was similar, comparisons of density and height could be 
made between those years. 

In 1981, all treatments were sampled in early July, and 
comparisons between grazing season treatments were possible. 
A comparison between density and height for 1979/80, and 
1981 was invalid because of differences in season of 


Sampling. 
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Estimates of the biomass of raspberry in 1979/80, which 
are based on density and height measurements are subject to 
the same analysis limitations as density and height 


estimates. 


B. Results 
Botanical composition 

Since the botanical composition interaction in 1980 
between grazing treatments and sampling times was not 
Significant, the two sampling times were combined in Table 
III.1, which shows the botanical composition of early and 
late grazing treatments for 1980, determined in May and 
August 1980. Grazing treatment had a profound effect on 
botanical composition. While the overall proportion of woody 
Species was constant between treatments, the proportion of 
aspen was much lower in the late-grazed paddocks, its place 
being filled by a greater proportion of rose and snowberry. 

"Grass" consisted mainly of sown grasses and alfalfa, 
but included a small proportion of volunteer grass species, 
especially Poa pratensis. Grass contribution was greater in 
early-grazed than the late-grazed paddocks. There was no 
Significant interaction in botanical composition between 
grazing time and sampling time which indicated that the 
botanical composition within the 1980 growing season was not 
changed significantly either by the growing season, or by 


the grazing of the early-grazed treatments. 
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Table III.1. Proportion (%) of total aerial biomass in 1980, 
of the major components of regenerating forest, for early 
or late grazing treatments. ' 

Grazing season 


Early Late Siine 


Aspen Zoe! * x lars, So 
Rose She) * 18.8 Bie 
Snowberry lege * 34.6 13 2 
Total woodyt Boia Spope 95,6 
Grass¢t Zils. 0 * 18.0 5.6 
Other spp. ieiees ZG | 14.7 


' Means of May and August samplings. 

+ Total of aspen, rose, and snowberry. 
+ Includes alfalfa. 

** Difference significant (P<0.01). 

* Difference significant (P<0.05). 


The only significant changes in botanical composition 
between May and August 1980 was the increase, in both 
grazing treatments, in the mean proportion of grass, from 
162027 0On=May=s lm to 26. 7. On AUgGUSt 26, and vardec ines in the 
Proportion of rose from). in vol Os Oe (e005) ™ thevgrass 
increase replaced small non-significant reductions in woody 
(739%) and "other (4%) "species. "Other" included forbs, 
raspberry and other woody species, mainly willow, and some 
saskatoon (Amelanchier alnifolia). 

In 1981, after grazing treatments had been conducted 
twice, the pattern for the major species remained the same 
(Table III.2). Data for both 1980 and 1981 are shown also in 


Figure III.1, for comparison between years. Raspberry (not 
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Table III.2 Proportion (%) of total aerial biomass of the 
major components of regenerating forest, 


grazing treatments in July 1981. 


Grazing season 


* Difference significant (P<0.05). 
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for early and late 


Early . Late Sy 
Aspen hens!) * 20 (bows 
Rose one 2011 14, 
Raspberry Sie 4.6 4, 
Snowberry 1 ree, S25 UNE 
Other woody Sine 0.4 20 
Total woody 66u5 60s, 2 eae 
Alfalfa are: Or Dae. 
Opnchardiig. 12,0 Taleo 3h 
Brome g. Braz 9.4 10M, 
All sown spp. Pape Zn 10% 
Other grass 6a b. 4 Sis 
Forbs ence) Siu 4, 
Vetches Pies) Sal 4. 
All herbaceous Shah is SHels ts ieee 
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Figure III.1 Proportional contribution (%) of the four major 
major components of the regenerating forest in early and 
late grazing treatments in 1980 and 1981. 
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separated in 1980) made only a minor contribution under both 
grazing treatments. The greater contribution of "other 
woody" under early grazing arises from the substantially 
higher population of willow in replication 1 of that 
treatment than in the other paddocks. Hence, for "other 
woody", the effects of replication, and replication X 
treatment, were highly significant (Appendix A). 

The only herbaceous species to be affected 
Significantly by grazing season were alfalfa and vetches, 
and their responses were opposite, with alfalfa being 
favoured by early grazing and vetches by late grazing. The 
contribution of sown species, which was constant in 1981 
between grazing season treatments, will be discussed in 
Chapter IV. 

The contribution of "grass" (total of sown species and 
"other grass", Table III.2) was unchanged for 1980 at 
LOaZES 
Biomass 

Total aerial biomass at the early and late grazing 
times was not significantly different at any sampling time 
(Tablesstli.3, 1l124) and III.5). The differences: in 
botanical composition already described, arose from 
differences in biomass of the individual species. The 
biomass of aspen in early-grazed paddocks was almost nine 
times greater than in late-grazed paddocks in May 1980 
(Table II1l.3). "By August 1980, it was greater by a factor of 


17 (Table III.4) even though the early-grazed treatment had 
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Table III.3 Yield (kg ha~') of the components of forest on 
for early and and late grazed treatments. 


May is iei980; 


615 * 


Aspen 

Rose 
Snowberry 
Total woodyf 
Grass¢t 

Other spp. 


Total biomass 


+ Excludes raspberry. 


Grazing season 


Early 


366 
hOB 


* Difference significant (P<0.05). 


Table III.4 Yield (kg ha~-') of the components of forest on 


August 26 1980, 


for early and late grazed treatments. 


953 Kx 


Aspen 

Rose 
Snowberry 
Total woodyT 
Grasst 

Other spp. 


Total biomass 


+ Excludes raspberry. 


** Difference s 


Grazing season 


Barly 
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tay, 
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Si22.0) 


Pom sreant, P<0 70d), 


Late 


360 


Hes 


t Includes alfalfa. 
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Table III.5 Yield (kg ha~') of the components of forest for 
early and late grazed treatments, sampled on July 7 1981. 


Grazing season 


Early Late S.h. 


Aspen 1640 * 136 805 
Rose 435 865 735 
Raspberry 144 178 186 
Snowberry Uses 1394 1570 
Other woody 224 i) Seeks 
Total woody 31256 2588 1224 
Alfalfa 275) 10 128 
Orenavadsd. 561 453 Nels) 
Brome g. Srey : S09 360 
All sown spp. 1032 822 3o5 
Other grass iS 209 136 
Forbs 234 305 147 
Vetches ilo 200 167 
All herbaceous ioe Los S07. 


Total biomass ARS 4125 960 


* Difference significant (P<0.05). 
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been grazed in June, while samples from the late-grazed 
treatment were from exclosures ungrazed in that growing 
Season. In July 1981, the difference was by a factor of 12 
(Table 11.5). 

Generally, biomass trends for species other than aspen 
were not significant, though, in 1980, they gave rise to 
Significant botanical composition effects. Exceptions were 
"grass", which was mainly sown species (Table III.3), and 
rose (Table III.4). Raspberry was not separated from 
clippings in 1980 because it was considered to make only a 
minor contribution to overall yield. However, the biomass of 
raspberry could be estimated from height measurements 
(Chapter 11), and 1s shown in Table 111.6. 

Raspberry biomass estimates for early and late grazing 
treatments in 1979 and 1980 could not be compared because 
their estimators (height and density) were sampled at 
different times. Nevertheless, the differences between means 
are large. No differences between years could be detected in 
1979/80. In the early-grazed paddocks, the small plants were 
totally AO and in the late-grazed paddocks, 
Gefoliated stems died back. Hence, in both grazing season 
treatments, raspberry biomass is for new growth sprouting 
from rhizomes, and one would expect no difference between 
years other than that due to a decline in vigour of 


regrowth. 
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Table III.6. Raspberry biomass (kg ha~') as estimated from 
density and height at grazing in early and late © 
grazing treatments in 1979/80, and in July 1981. 


Grazing season 


Early Late 

eet aes 83 414 

1980 ei BZ 

Silos oy 106 

rs 114 69 
S.E. 40 


Plant density and height 

The only changes observed within the limits of the 
Sampling schedule were a dramatic decline in the aspen 
density in late-grazed paddocks from 1979 to 1980, with a 
VeuymelangcmatelenenCemuny density sbelweenscarly fang 
late-grazed paddocks apparent in July 1981 (Table III.7). 

Height estimates for the four major species are shown 
in Table III.8. The height of all Species, except aspen, 
declined under late grazing. For raspberry, this reflects 
declining vigour of regrowth, as stems died back after 
grazing, and plants resprouted from underground stolons. For 
rose and snowberry, since their biomass was greater under 
late grazing (Table III.3), the decreased height suggests 
increased lateral growth, instead of vertical growth, 
following grazing. Field observations confirmed this 


deduction. 
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Table III.7 Woody plant density (plants m-?) for early (E) 
and late (L) grazed treatments at grazing in 1979 and 1980, 
and in July. (198 1: 


Aspen Rose Raspberry Snowberry 
Year oma nerrs Retna gh Lt Eerie iS 
SESE Voaitsiars: igisi0 9.4 1.85.0 13 eat VIF Zeb Slee 
hooUe 20S hie 14.6 14.4 Tele 14.9 ZO me Z Seen 
Srebiseia iO leeee 2ieys! SS aye!) B20 is sia 
198% T1229 Gee 0.9 23.4 26.0 19°20 Pa syd 86.4 46.9 
Shi 3.3 14.8 JG 34.4 


** Difference significant (P<0.01). 
+ S.E. Standard errors, between years in 1979/80, and 
between grazing treatments in 1981. 


Table III.8 Woody plant height (cm) for early (E) and late 
(L) grazed treatments at grazing in 1979 and 1980, and in 
oulive 7987. 

Aspen Rose Raspberry Snowberry 
Year E L E L E L EB L 
1979 21.9 diliees ZUR. Ses Ropes, S06 24.3 a 5125 


PIS UI 345.9 esate tied) 48.1 120 S50) 24.1 Sikes 


Sh ay eed) ase) ao 3.4 ae Tete Tage Hees) Sie 
TOSnITe oale6 onto 24.8 2079 WEE Ue di) 26m 36 
Saf (ho Pe Dre VA Nile 


* Difference significant (P<0.05). 

e* Ditference Significant (P<0.01). 

+ S.E. Standard errors, between years in 1979/80, and 
between grazing treatments in 1981. 
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C. Discussion 

Two aes different plant communities developed under 
the two grazing treatments. With early grazing, the major 
Species within the old forest were grasses and aspen 
Suckers, the latter appearing in clumps, mostly at the base 
of old burnt trees. Snowberry was also a significant 
component. With late grazing, the major species were rose, 
snowberry, and grasses, with little or no aspen. 

This dramatic effect of late grazing on aspen 
regeneration was established after only one heavy grazing 
(Tables III.1 and III.3). The greater proportion of rose and 
snowberry under late grazing, was established by May 1980 
also (Table III.1), but the effects were no longer 
Significant in 1981. In 1981, the test of significance was 
much more stringent, because there was only one sampling, 
with consequently fewer degrees of freedom for error 
variance. The means are consistent with previously 
established trends. The proportion of grass was greater in 
early-grazed than late-grazed paddocks in 1980, but not in 
1981, and this interaction will be discussed in the next 
Chapter. Clearlyathertuming of defoliation’ is critical) for 
plant succession in a regenerating forest, and affects 
different species in different ways. 

The initial suppression of rose and snowberry by early 
grazing is consistent with previous studies on time of 
clipping of range shrubs. Willard and McKell (1978) found 


the same relative effects of June 1 and September 1 
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clippings on little rabbitbush (Chrysothamnus visidiflorus) 
and a palatable species of snowberry, (Symphoricarpos 
vaccinioides) in Utah. Wright (1970) observed a similar 
depression in regrowth of two species of Artemisia from 
clipping in June or July relative to August or September. 

Early grazing in 1979 may have terminated growth in 
rose and snowberry before they had a chance to replenish 
carbohydrates depleted in the spring after burning. Regrowth 
of snowberry after grazing did not commence until the 
following spring. With late grazing, both shrubs had a full 
growing season to recover their carbohydrate levels after 
burning. Willard (1972) reported that root carbohydrates in 
rabbitbrush in the spring following a June clipping were 
lower than from later clippings. He detected no such 
@ifference in the roots of snowberry (S. vaccinioides). 
Regrowth measurements may be a more sensitive estimate of a 
plant's energy status than TNC analysis. Alternatively, the 
Smaller regrowth of snowberry following early grazing in 
this experiment may arise from the effect of defoliation on 
one of the unknown factors, perhaps hormonal, to which 
Willard (1972) referred. 

The only species which increased in height after 
grazing was aspen (Table III.8). The decapitation of 
actively growing stems of aspen was shown by Maini (1966) to 
accelerate height growth from lateral buds. Neither height 
nor biomass data show any evidence of a decline in vigour of 


aspen after two years of heavy early grazing. 
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The reason for the suppression of aspen suckering by 
late grazing is not clear. In the most comprehensive study 
of top removal yet reported (Berry and Stiell 1978), all top 
growth was removed annually after leaf fall. The biomass of 
aspen, prior to cutting in the following autumn, was 
actually increased in the first two years of treatment. In 
the study by Smith et a]. (1972) cattle grazed an average of 
25% of suckers in July and, after 4 years, had reduced 
sucker number by 50%. There are no other reports of control 
operations on aspen being carried out in the last half of 
the growing season. Of interest is a report by Van Nickerk 
et al. (1978) in which herbicides gave best control of 
Acacia species in southern Africa, when applied in late 
summer after foliage expansion was complete. 

Aspen sucker growth has been related to root 
carbohydrate concentration (Tew 1970, Schier and Zasada 
1973), which may be depleted by repeated removal of tops 
(Schier 1976). Since root carbohydrate is lowest in spring 
(Schier and Zasada 1973), a decline in the vigour of 
regrowth would seem to be most likely from defoliation in 
Spring, @parbicularlysiferegrowthristmosteacthivesatrthat 
time. This is the experience with other shrubs (Willard and 
McKebin1978noWright e199 70) eVAlso tPrlica eG ali m01372) Sfound 
that rabbitbrush recovered its carbohydrate reserves in 
14-16 months after cutting at all phenological stages except 
during the period of rapid growth. They found that 


defoliation at the time of lowest carbohydrate concentration 
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reduced regrowth, and subsequent carbohydrate levels, more 
than at any other time. Consequently, it seems unlikely that 
late-grazed aspen plants suffered carbohydrate exhaustion 
after one defoliation, when plants grazed early, at the time 
of lowest carbohydrate, resuckered vigorously. 

A change in auxin:cytokinin relationships to suppress 
Suckering from August defoliation seems an unlikely 
explanation because, even if initiation was inhibited, 
perhaps by a cessation of root tip activity and a consequent 
lowering of cytokinin concentration (Skene 1975), there are 
abundant suppressed primordia present on the roots of most 
clones at all times (Schier 1973a). Existing primordia would 
remain quite viable, but this was not the case here where no 
further suckers emerged. 

Some other factor is involved, apparently as a result 
of grazing prior to leaf senescence. Zehngraff (1946) 
suggested that suckers released by spring logging and 
emerging in mid-Summer are not thoroughly "hardened off" by 
fall and consequently may be winter-killed. If suckers were 
released by a defoliation in August and emerged before 
conditions became too cold for growth then probably they 
would freeze. Perhaps, in this way, existing viable 
primordia would be eliminated, leaving no primordia to 
produce suckers the following spring. Temperatures which 
were low enough to kill very young shoot outgrowths, might 
prevent the formation of new primordia at that time. This 


might explain the failure of aspen to re-sucker, provided 
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the existing defoliated stems also perished, as indeed they 
did after late grazing, though not after early grazing. 

A possible explanation for the killing of existing 
Suckers by late August defoliation is by dormancy 
inhibition. Abscisic acid (ABA) is synthesised in 
chloroplasts in the leaves (Zeevaart 1977) and transported 
out of the leaves to the stem and apex (Phillips et ai. 
1980), where it has been associated with the development of 
bud scales and other characteristics of winter dormancy in 
blackcurrant, beech (Wright 1975), birch (Harrison and 
Saunders 1975) and willow (Alvim et a]. 1976). Other 
hormones, specifically gibberellins and cytokinins, also 
have an interactive role. However, ABA appears to be the 
main growth terminator, its action being prevented or 
"antagonised" by the presence of gibberellins or cytokinins 
(Alvim et a]. 1976, Thomas et a]. 1965). Alvim et al]. (1976) 
found levels of ABA in the xylem sap of willow to be high 
after the shortening of days begins in late June and to 
remain fairly high till the end of August. Thus, movement of 
ABA out of the leaves and into apicai and lateral buds 
occurs continuously after ABA synthesis has been stimulated, 
and gibberellin levels reduced by a shortening of day length 
(Wareing and Saunders 1971). 

Eliasson (1969) established that an inhibitor, which is 
associated with the formation of resting buds, occurs in 
Populus tremula. He found that leaves in August contained 


only low concentrations of inhibitor and suggested that this 
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Waceae Fesult of export to stems. 

If, as seems likely, these reactions occur in Populus 
tremuloides, then, removal of leaves in August might remove 
the source of ABA, thereby preventing the normal development 
of dormancy. Plants left in a non-dormant state would freeze 
in the winter. 

puconen Support for this hypothesis was provided by 
Cozens and Wilkinson (1966) who found that decapitation of 
blackcurrant stimulated breaking of dormancy in the top two 
or three buds on the decapitated stem. Total defoliation, 
however, released buds over the whole plant. They claim that 
the source of inhibition of buds in late summer and early 
autumn was removed by removal of leaves. 

It is possible that the establishment of winter 
hardiness in the roots was also upset by the August 
defoliation. The argument is less tenable however, because 
Phillips et a]. (1980) found ABA levels in the roots of 
maple under short days to be very low and that ABA from 
leaves was transported acropetally. Cohen et a]. (1978) also 
recorded ABA levels in maple roots during the establishment 
of dormancy to be lower than levels recorded in the xylem 
SAQEOL willow WAlVvimeeimal.s O76) «by. aptactor of 40> si This 
low concentration may very well be synthesised in the root 
tips (Audus 1975), or perhaps, released from a bound form, 
and would not be reduced by the cessation of the flow of ABA 
from the leaves. Pilet and Elliott (1981) provided 


Supporting evidence of ABA synthesis in root tips, and 
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basipetal transport in roots of Phaseolus vulgaris. 
Obviously, there is room for further investigation into 
the cause of this most interesting effect of August 


defoliation. 
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IV. ESTABLISHMENT OF FORAGES 


A. Introduction 

After mechanical clearing of aspen forest, successful 
germination and initial growth of forage seedlings may be 
achieved by sowing with a drill (Bailey 1972). If herbicides 
or fire have been used to remove the overstory, logs and 
stumps prevent the placement of seed through a drill, and 
broadcasting may be the only feasible method of sowing. Very 
much poorer establishment can be expected from broadcasting 
compared with drilling (Nelson et a]. 1970)., but in some 
circumstances sufficient success has been achieved to make 
the procedure worthwhile (Campbell 1968, Cullen 1970). 

Plant competition severely reduces the growth of 
seedling grasses. Bryan and McMurphy (1968) improved the 
yield of sown grass swards by removal of weeds, primarily 
crabgrass (Digitaria sanguinalis). Cullen (1970) improved 
establishment of orchard grass and ryegrass (Lolium perenne) 
by controlling competition by close grazing and/or use of a 
pre-sowing herbicide. Following establishment by 
broadcasting, the suppression of competition from 
regenerating brush species was investigated by imposing 
heavy grazing with cattle early or late in the growing 


season. 
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B. Methods 
Experimental design 

The experiment was conducted at the University of 
Alberta Ranch, Kinsella Alberta. The layout, establishment 
procedure, and grazing treatments were described in detail 
in the previous chapter. 
Measurements 

Ten 1 m? quadrat sites per paddock were established 
randomly within the aspen forest community. Their position 
was fixed. Seedlings of sown species were obscured by shrub 
regrowth prior to grazing. Hence, the seedlings within the 
fixed quadrats in each grazing treatment were counted at the 
conclusion of grazing in that treatment. Counts were 
conducted for alfalfa only in 1979, and for all sown species 
me 1980candeingduly? 198i). 

In 1980, yield of sown species was estimated on May 31 
and August 26 by harvesting all plant material within 0.5 m? 
quadrats (10 per paddock, 30 per grazing treatment) situated 
2m from the fixed quadrats in a previously assigned 
direction. Plants harvested in August had been protected 
during grazing by an exclosure. All harvested material was 
sorted into sown species and other, and was then dried and 
weighed. On July 7 1981, the plant material at the fixed 
Sites was harvested, sorted, dried, and weighed, in the same 
way as in 1980. Grazing effects on density, and yield 
estimations, were subjected to least squares analysis of 


variance, uSing the variance of treatments within 
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replication for estimation of error. 

To provide an ungrazed comparison, areas of forest 
adjacent to the experimental paddocks were burned and sown 
to forage species in an identical manner to the area within 
the experimental boundary. Estimations of grass and alfalfa 
yield are presented for comparison. AS ungrazed areas were 
not randomised with treatments, they were not included in 


the analysis. 


C. Results 
Rainfall 

After sowing there were 15 days of dry weather. In the 
following 22'days there were 19 wet days during which 
rainfall totalled 42 mm. Monthly rainfall for May and June 
was below average (6% and 60% of the 18 year average 
respectively), but the number of wet days for June eoedaye) 
was almost double the average. Exceptionally good rains fell 
in July (120 mm). Rainfall for the whole growing season was 
20% below average in 1979 (259 mm) and 57% above average in 
1980 (508 mm). 
Plant yield and density 

Yields of sown species, and their contribution to total 
plant biomass in spring and late summer 1980, were 
consistently higher in the early-grazed treatment (Table 
IV.1). Their relative contribution to total biomass 
increased through the 1980 growing season in both treatments 


(P<.05). Yield of sown species in ungrazed areas was 10 kg 
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Mable elvVi1 WWietdetkg hast) eandicontmibution to total’ biomass 
(%) of sown species, for early- and late-grazed treatments 
On TMaye3i 7 and gAugUStTIEZ ory h9SO; tandesulyey 198d. 


Grazing season 


Sample time Early Late Siete 
May 1980 Yield 38 1 * as 100 

% 20.4 * ies 21) 
Aug 1980 Yield a7 791 272 

% 34.7 * 22.6 Bye): 
July» 1981 Yield 1032 S22 S95 

% 22ien ad Wed 1ORD 


* Significant (P<.05). 


Table IV.2 Yield (kg ha~') and contribution to total biomass 
(%) of alfalfa and grasses, for early- and late-grazed 
treatments on July 7 1981. 


Grazing season 


Species Early Late S sr. 


Alfalfa Yield 93 10 128 
% iste: Opaz oee 

Orchard Yield 561 453 169 
grass % W220 KAS Sh 

Brome Yield Sey) 359 360 
grass % Sig 9.4 ORO 

Other Yield 159 209 136 
grass % ihe) 5.4 Sid 


A Signi bicant: GP=.05). 
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Howse Ory On 3h OfLeroralpaerial™ biomass” 

By July 1981, the proportion of sown species had begun 
to decline under early grazing, and was no longer different 
from the proportion under late grazing (Table IV.1). 
Individual grasses showed no differences in yield between 
grazing treatments (Table IV.2). 

The density of alfalfa was consistently greater under 
early than late grazing (Table IV.3). Brome grass responded 
Similarly in 1980, but the difference had disappeared by 
1981. Creeping red fescue was no longer present to a 


measurable degree in 1981. 


D. Discussion 

Establishment of forages by broadcasting into the ash 
following burning was successful in a year in which sowing 
preceded 3 weeks of almost continuously wet weather, anda 
season of generally good moisture conditions. Dry matter 
yields of over 1000 kg ha~' were obtained from an area that 
probably was yielding 10-20% of that amount (Table 1.1), 
prior to commencement of brush control operations. 

Nelson et al]. (1970) broadcast seeds of Agropyron spp. 
in Washington, where annual rainfall was only 330 mm. They 
found that surface-sown seeds were highly vulnerable to a 
period of drying weather after initial imbibition. No 
spring-broadcast seeds germinated in their conditions. 
Likewise, McWilliam and Dowling (1970) reported that as 


water potential decreased (i.e., increasing drought), 
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Table IV.3. Density (plants m-?) of alfalfa and sown grasses 
at completion of early or late grazing in 1979/80. 


Grazing season 


Species Year Early Late Sy 


E. 

Alfalfa 1979 Megs) * 8.6 Sire: 
1980 11.4 *x O45 3G 

1981 Gr S * Zio 4.1 

Orchard 1980 250 N6PaS Tore2 
grass 1981 24.5 22.4 Sha 
Brome 1980 Zbl * Faad | £ORO 
grass 19a 563 TEL PGi es 69.0 
C.R.Fescue 1980 10:35 EONS, Te) 


ApOvOn ee Cant (P05) ire eSroneaicant) GPO). 

+ Stems m7? 

% germination of pasture seeds declined. Their results 
highlighted the variation in the ability of different 
Species to germinate in dry conditions. 

Hence, the success of any system of broadcasting will 
depend on the maintenance of moist soil in contact with the 
seed, either through the fortuitous continuation of wet or 
overcast weather, or the equally fortuitous falling of seed 
into cracks or depressions, there to be covered by washed 
soil (or ash). The high seeding rates used here increased 
the chance of seeds falling into a favourable 
micro-~environment. The chances of favourable weather 
conditions occurring in the aspen parkland are much greater 
than those experienced by Nelson et a]. (1970) who conducted 
their work in a region of considerably lower rainfall. The 


choice of species which are able to germinate under 
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conditions of low water potential will increase the chance 
of a successful eee srmene (McWilliam and Dowling 1970). 

Keller et al. (1970) suggested that germination after 
sowing can be accelerated by soaking seeds for 60 hours 
prior to broadcasting. McWilliam and Dowling (1970) improved 
the rate of imbibition and % germination by coating seeds 
with lime. These techniques are likely to be applicable to 
post-burning establishment. 

Campbell and Swain (1973) achieved better seedling 
germination and survival when seeds were dropped into dead 
plant residue. Absence of such residue would appear to be a 
Gisadvantage for seedling establishment following burning. 

This experiment confirms the importance for seedling 
Survival and growth, of removing competition early in the 
life of the seedling. Establishment and growth of seedlings 
was negligible in the absence of grazing. Heavy grazing 
early in the growing season was much more effective for 
establishment of forages than grazing towards the end of the 
growing season. Similarly, Cullen (1970), and Campbell and 
Swain (1973) reported enhanced seedling establishment after 
plant competition was reduced by grazing. 

Evidently any damage to young seedlings from trampling 
shortly after emergence was offset by the advantages of 
reduced competition from shrubs. At this early stage, 
seedlings were too small to be damaged directly by grazing. 
Similarly, Love (1944) found that spring grazing with sheep 


did no damage to newly-emerged ryegrass (Lo] ium perenne) 
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seedlings. Campbell and Swain (1973) pointed out that, 
although grazing may eliminate some established plants, 
losses of seedlings incurred by not grazing could be 
greater. 

In the third growing season after sowing, the effects 
of competition with shrubs began to alter the pattern 
established in the first two years when shrubs were small. 
In the late-grazed paddocks, yield of sown species, and 
their contribution to total biomass was unchanged between 
1980 and 1981 (Table IV.1). In the early-grazed paddocks, 
grass yield remained constant, but the biomass of woody 
plants increased (Tables III.2 and III.3). The woody plants 
were successfully competing against the grass component in 
the early-grazed treatment. The major woody species 
difference between the treatments was the difference in the 
aspen component. This suggests that it was aspen that was 
successfully competing against grass. 

The decline of alfalfa density from 1979 to 1980 can be 
attributed to inappropriate management for the species. 
Alfalfa is very intolerant to any competition, especially in 
the seedling stage (Christian 1977). Under more appropriate 
management (hay cutting or rotational grazing to reduce the 
competitiveness of associated grasses), the decline might 
have been avoided. 

Cattle may be reluctant to graze shrubs in some 
conditions. In the early grazing of 1980, shrubs were not 


browsed until most of the graminaceous material had been 
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consumed. For early grazing of a one year old stand of 
shrubs and grasses, animals would need to be held 
sufficiently long, and in sufficient numbers, to consume 
bothpenecapalatable grasses ‘and the tess preferred shrubs. 
Under range conditions, some method of concentrating the 
cattle on regenerating shrubs, such as temporary electric 


fencing, may be necessary for early-season suppression of 


shrubs. 
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V. GRAZING PREFERENCES OF CATTLE IN REGENERATING ASPEN 


FOREST 


A. Introduction 

Relatively large quantities of browse regenerate in 
aspen forest following burning or clear cutting (Sampson 
1919 @Bavley 1992s iBerry 1973 ;"Peratarlo79) MS Invtact: 
burning of aspen forest is a recognised practice for 
improving the availability of winter browse for wild 
ungulates (Byelich et a]. 1972, Kayll 1974, Patton and Jones 
1977). Aspen is an important source of browse for deer, elk 
and moose (Krebill 1972, Smith et a/.1972, Mueggler and 
Bartos 1977, Penner 1978, Parker and Morton 1978). In some 
Situations (Smith et a]. 1972, Bartos and Mueggler 1979) 
browsSing by ungulates may be heavy enough to threaten aspen 
stand aa ae 

Although specifically adapted to grass forages, sheep 
and cattle also use aspen suckers under some circumstances. 
Smith et a]. (1972) recorded the grazing of 18.3% of 
available aspen sprouts by cattle in the first year after 
clear cutting in Utah, but only 3-4% in the next two years. 
In Alberta, three years after herbicide treatment, Hilton 
and Bailey (1974) found that cattle with access to both 
grassland and regenerating forest, from late-June to 
mid-August, consumed from 3 to 43% by weight of total 
available dry matter of aspen suckers. The level of 


available alternative forages, and the ontogenetic stage of 
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all species present, is likely to have a major influence on 
diets (Heady 1964). Rosiere et a]. (1975a) found that the 
diets of cattle on open grassland depended, partly, on the 
relative availability of various sward components. Gammon 
(1978) showed how the relative preference for various sward 
components changes through the year. 

Since these factors may influence the propensity of 
cattle to peonse in a regenerating aspen forest, an 
experiment was conducted to determine the relative selection 
by cattle of the major components of a regenerating aspen 
forest seeded to forages, and the adjacent grassland, as 
influenced by: 

1. season of grazing 
2. stand age 


3. the changing availability of component species. 


B. Methods 
Experimental design 

Observations on diet selection were performed in the 
experiment -described in Chapter III, in which cattle grazed 
burned and seeded aspen forest early or late in the growing 
season in 1979 and 1980. They were retained in the 
experimental paddocks until all edible material had been 
consumed or trampled, in order to determine how their 
apparent preference responded to sequential depletion of the 


various plant components. 


nil 
é ‘ 
if 
_ 
' 


fi é 
wn 
j ahi 


78 


Grazing times were: 


1979 Early subyee tor i774 (12 days) 
Late August 22 to September 1. (10 days) 
1980 Early May 31 to June 13. (13 days) 
Late August 15 to 23. (8 days) 


The early grazings took place when sufficient plant material 
had emerged to support the smallest practical herd (three 
animals) for ten days. Actual yield at commencement was 1700 
kouha sern i979 fandeis00ekg tha Lranei980. Thetlate grazings 
took place after elongation of aspen stems had ceased but 
before leaves showed any yellowing, prior to senescence. 
Measurements 

Yield in the grassland was estimated prior to grazing 
and daily through the grazing period from the weight of 
plant material clipped from six 0.5 m* frames randomly 
placed in the grassland community in each paddock. Forest 
biomass was estimated prior to grazing and at irregular 
intervals through the grazing period, to estimate the rate 
of removal of brush in relation to rate of removal of grass 
in the grassland community. Estimates were derived from 
clips of all plant material within randomly placed 0.5 m? 
quadrats, ten per paddock. 

To observe the differential removal of individual 
Species, ten fixed 1 m* observation sites were established 


randomly within the aspen forest in each paddock. The height 
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and number of each species was meaSured prior to grazing and 
daily through the grazing periods, except that observations 
were taken over only 10 days in the early grazing of 1979, 
and 12 days in early grazing 1980. An estimate of growth 
during the grazing period was determined from ten 0.5 m? 
clips taken at the end of the grazing period from within 
exclosures placed in the vicinity of the fixed observation 
Sites. Growth was taken as yield within exclosures at the 

- termination of grazing less yield at commencement. 

The experimental paddocks were subjected to 
considerablenplantedamage ft rometuampiling ming che 
measurements of height and density, if a trampled plant was 
Still attached to its base, though prostrate, it was 
considered to be a live plant, and its stem length measured. 
If a plant was dead, it was not included in the estimates. 

During the grazing period in 1979, samples of the four 
major woody species in the regenerating forest were 
collected and used to establish a relationship between plant 
height, entire or browsed, and plant weight, by the 
procedure described in Chapter II. The process was repeated 
in 1980, for early-grazed aspen. 

The relationship between biomass and days of grazing, 
for each of the four species, was analysed by least squares 
regression, uSing daysS-grazing aS a covariate, and testing 
the slopes of the regression of weight on days-grazing by 
comparing the variance for the combined covariate/factor 


interactions with the error variance. The regression 
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analysis was based on plot means determined on each day 
during the grazing period. The regression coefficients for 
the four covariate/factor interactions represented the 
Slopes of the four curves of linear decline in biomass of 
the four species. Differences in slope were tested using the 
Standard errors of these coefficients (Neter and Wasserman 
1974 p.166). Means adjusted to the covariate value of zero 
represented the intercepts, and are the estimate of biomass 
before grazing. 

Palatability Index 

Silen and Dimock (1978) developed a model describing 
the relationship between plant palatability and 
availability. This model was used to develop a diet 
palatability index based on the changing level of 
availability of individual species through the grazing 
period. 

The model employed a palatibility index (P), which 
encompassed the factors affecting an animal's response to a 
given species, if availability of all species were equal. It 
also required an availability index (A), which was 
calculated as the biomass of a given Species, expressed as a 
percentage of total biomass. As adapted here, plant 
consumption (E) was a function of the product of the 
availability and palatability for a given plant type 
expressed aS a proportion of the product of the availability 
and palatability for all plant types, multiplied by the 


total plant biomass (W): 
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where E(i) is consumption of a given species on the 
ith day, and W(i-1) is the total plant biomass at the 
beginning of that day. The palatability index was calculated 
for each day of grazing uSing an iterative computer 
programme shown in Appendix C. 

The same analysis used for plant biomass was used to 
analyse relative change in palatability over the grazing 
period, the relative palatability of plants on offer in an 
ungrazed forest, and their mean relative palatability over 
the grazing period. For the latter, the palatability index 
Means adjusteds to); the covariate (days-grazing) mean were 


compared among species. 


C. Results 

The botanical composition of the regenerating forest in 
1979, as estimated from height and density data, and 
botantcalecomposiciom in) 1900, "1S presentedsin Table Vil. cin 
the early-grazed paddocks from 1979 to 1980, the proportion 
of raspberry and snowberry declined, while, in the 
late-grazed paddocks, aspen declined and snowberry 
increased. Sown grasses became established in both 


treatments. 


So SBGHl3G Aparasp AwoE +m 


as 


- 


we 


7 Ve Le 
7 Ln A : 


J oobbeq berez 
ai ce 7 a Ma i a 


a 


Abi ay os 


= 


-_ 


t 


82 


Table V.1. Botanical composition (%) of regenerating aspen 
forest in early and late grazed paddocks, estimated prior 
toraqrazing- an eto79~ and: 1980. 


19797 1980 
Bapive © cbatems Uueebanly. 1: 9 ebate 
Aspen 23 36 Zo 2 
Rose 10 Pa) o hs 
Raspberry 17 14 27 10+ 
Snowberry a4 24 / Site) 
Grass 28 18 
Other 6 1 eS 16 
Total biomass 
KO has * 1700 4000 2000 3800 


7 EStimatedstrom density and height data. 


Selection: grassland versus forest 

The declining biomass of regenerating forest and 
adjacent grassland during grazing in 1979 and 1980, is shown 
in Figures V.1 and V.2. In the early-grazing treatments, the 
cattle deferred browsing in regenerating forest until the 
adjacent grassland yield had been reduced to 750 kg ha™'. In 
the late-grazing treatment, the forest was grazed from 
commencement, and extensive browsing occurred when the 
grassland still yielded almost 2000 kg ha™'. 

In 1980, a Similar pattern of grassland and shrub 
removal was evident in the late grazing (Figure V.2), but in 
the early grazing, the pattern, at first glance, appeared to 


have changed. Consumption of 'forest' species up to day 4 
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Figure V.1 Biomass of grassland and forest (kg ha~') during 
early and late grazing in 1979, showing 95% confidence 
imtervels.. In late-grazed forest, only pre- and post-grazing 


estimates were made. 


; 7 y iAs volt 
- Pe 4 | > - _— @ y= a “4 
sie » T2Gaet SSSenp* 3s? "4 4 


— _ ye 


. dhene “ree 
F ra 7 4h +606: oi8 
7 a 


- ' 
A : 
, rm ‘4 3 


84 


2800 


EARLY GRAZING 1980 


ve pS 
fone oe 


2400 


(kg/ha) 
nN 
° 
oO 
o 


1600 


— 
mM 
o 
Oo 


FOREST 


800 GRASSLAND 


TOTAL BIOMASS 


OR eeceaW df) ul boa O ey, COs nic iilint Cait 


LATE GRAZING 1980 


w 
Le) 
Oo 
o 


(kg/ha) 


2400 


—s 
oO 
oS 
o 


—~ 
N 
i) 
So 


TOTAL BIOMASS 


600 


DAYS OF GRAZING 


Figure V.2 Biomass of grassland and forest (kg ha~') during 
early and late grazing in 1980, showing 95% confidence 
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was more rapid than consumption of grassland species. The 
reason is that sown species, mainly orchard grass, now made 
up 28% of available forage in the 'forest' community (Table 
Wad dee and animals grazed these preferentially. In Figure 
V.2, the drop in available 'forest' species up to day 4 
arose from the grazing of orchard grass in the regenerating 
forest. After day 4, the cattle apparently preferred 
grassland, and had reduced it to a minimum plateau level of 
abourc, 300 kg ha ainbyeday 7. 

Dry weather eee AA May. On days 3,4 and 5 of the 
G@azingsperiod it@rained. During the wet weather ?the animals 
appeared to graze less, and to preferentially graze the 
grassland community (Figure V.2). The effect of relief from 
drought, on woody plants (as yet unbrowsed), produced an 
increase (non-significant) in available 'forest' species 
from dayad to day 9 (Figure V.2).. 

Selection within regenerating forest 

PigureseV;37*Vsd, Ve5,eand V.62show the decline in 
aerial biomass of the four major shrub species in the 
regenerating forest, for each of the four grazing periods. 
Intercepts and linear regression coefficients for species 
biomass on daysS-grazing are shown in Table V.2. Intercepts 
are estimates of species yield at commencement of grazing. 
The slopes are expressions of the average rates of 
consumption of each species over the whole grazing period. 
Analysis of covariance for each grazing period indicated 


that a significant amount of variation in the relationship 
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Table V.2 Intercepts, regression coefficients, and standard 
errors for linear regressions of species biomass on days 
grazing, for four species meaSured early or late in 1979 and 
ESO, 


Grazing period Spp. Intercept (a) Slope (b) Te 

79 Bawly Aspen 18024 eeb all diac ewS ry SS: 
Rose 44,1 d -4,.3 Cc OS 
Raspberry Ones G BO, ok D = S38) 
Snowberry 189.47 a reel c 00 

Std.) Srror TGS 0D 

1979 Late Aspen 107.959 ne sep N ae ia 48) eiLO 
Rose 1 Como @ There al c S0e 
Raspberry W322 d rea Patel) ie) oy 
Snowberry C2 need “44,1 a Ao 

Std,asur ror 14.6 ZnO 

1980 Early Aspen 487.5 a ee MSSM are! ONS 
Rose eo 2 Ge Belted. ako 
Raspberry S476 Cc aloe My ely eta: a 
Snowberry 25 Oni eeO ye ee) «00 

Std. error hes e269 

1980 Late Aspen See at! d wea le Cc NS 
Rose eerie) < \¥o -4,5 @ .00 
Raspberry Clays ces e srl ehteeh Sy Sl9) U6 
Snowberry 489.6 a L000 d <6 

Stocabrror Seno 235 


a or Db values within a sampling time followed by the same 
letter are not significantly different (P<0.05). 
Gors gniticanty 1b Ggreatem cnane0.12, (<0 805) 620 df). 
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Figure V.3 Biomass of aspen, rose, raspberry, and snowberry 


auring, the grazing) perrod, Barly 1979. 
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Figure V.4 Biomass of aspen, rose, 


raspberry, and snowberry 
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Figure V.5 Biomass of aspen, rose, raspberry, and snowberry 


during. the grazing period, Early 1980. 
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Figure V.6 Biomass of aspen, rose, raspberry, and snowberry 


during the grazing period, Late 1980. 
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of biomass with days was explained by the combined 
interactions between covariate and species (Appendix Dye 
This indicated that the linear slopes of the four species by 
days-grazing were significantly different from one another 
at each grazing period. 

This analysis does not indicate at what stage in the 
grazing period consumption fuer place. For example, in the 
early 1979 treatment, aspen had a steeper slope than 
raspberry, but it also had more material initially 
available. Raspberry was consumed rapidly in the first few 
days, while the grazing of aspen was delayed until day 4 or 
5 (Figure V.3). However, an attempt to show significant 
quadratic and cubic components of biomass curves was 
unsuccessful. An attempt to eliminate the effect of 
different initial biomass levels on rate of decline was made 
by comparing the slopes of rate of biomass decline between 
Species, and relative rate (rate per unit biomass) of 
decline between species, but transformation obscured effects 
rather than clarifying them. 

To resolve this problem and highlight the stages when 
consumption of aspen changed in relation to the consumption 
of the other three species, a three-way factorial analysis 
of variance was conducted on the biomass data, separating 
the effects of replication, species and days-grazing and 
using the three-way interaction for error. From this 
analysis a Student Newman Keuls' range test (Steele and 


Torrie 1980) was conducted on the differences in biomass 
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between aspen and each of the other species, on each grazing 
day (Tables V.3 and V.4). 

In 1979 (Table V.3), while the difference in biomass 
between aspen and rose and raspberry remained constant, 
indicating that they were removed or trampled at the same 
rate, the biomass difference between aspen and snowberry 
changed significantly. With early grazing 1979, it became 
Significantly larger on day 7 than it had been from 
commencement to day 4. From Figure V.3 it is apparent that 
the curves for aspen and snowberry were parallel up to day 
4} °when*aspen began to diverge so that by day 8 the 
difference between the curves was Significant. The same 
delay in decline in aspen till day 5 was apparent with early 
grazing 1980 (Table V.4). 

With late grazing 1979 (Table V.3), the difference 
between aspen and snowberry biomass declined until day 4 
(aspen was being consumed faster than snowberry), after 
which time the difference increased again (aspen removal 
Slowed while snowberry removal increased). By day 8, the 
Gui terence was) signeeicanclyegqreater thal it aiedsbeen -atreday 
4, The accelerated removal of snowberry compared to aspen 
was evident again with late grazing 1980 (Table V.4). The 
earlier grazing of aspen was not apparent at this time, 
perhaps because there was very little aspen present to 
graze. Hence, in 1980 late, all the comparisons were akin to 
a comparison of absolute means within a species. The same is 


true of comparisons with rose and raspberry in 1980 early. 
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Table V.3 Student Newman Keuls' range test on differences 
between biomass (kg ha~') of aspen and other species over 
the early or late grazing periods in 1979 


Comparisons 


Grazing per. Day Asp-Rose Asp-Raspberry Asp-Snowberry 


1979 Early 1 67.50 26-2 = hoN one 
3 TACO 44.9 coe kl) heats! 
4 C5 46.7 =z Ore tra 
5 74.3 49.7 =S6.60 aD 
6 64.9 42.6 wt Uae ene: 
7 41.4 22.5 = li Go. aD 
8 30.4 pega ©) SAR SOB lol te) 
9 24.8 [5251 ~143.6 b 
10 Ce 15.6 = | aOaue ae 
1a 154.6 ue S| Peet cob 
i eM 12.6 ea trim a ee: 
Sra sError 1327 jena) VS.0h 
1979 Late 0 Zo5.6 664.7 Re HOW iegie west Ole! 
1 318.4 65038 312-69 ea DC 
2 286.0 624.6 SOM ab 
3 24402 62957 298.5 ab 
4 243.0 6272.0 2B7%7 “a 
5 2a S40. 62550, 302.2 ab 
6 204.8 CuO 32 s0 sabe 
7 189.8 604.7 3995.0 abc 
8 199707 613.0 445.6 bed 
9 OOS? 634.5 460.7 cd 
10 190.4 626-4 2 ane a 
Suc... frror 34.3 34.3 DA eno 


Means within columns, within grazing periods, without 
following letters, or followed by the same letter, 
are not Significantly different (P<0705). 
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Table V.4 Student Newman Keuls' range test on differences 
between biomass (kg ha~') of aspen and other species over 
the early or late grazing periods in 1980 


Comparisons 


Grazing per. Day Asp-Rose Asp-Raspberry Asp-Snowberry 
1980 Barly 1 416.6 a 418.2 a tale caee 

2 420.6 a 419.3 a 1LEVe6 ta 

3 421.0 a 416.4 a LO: 20 Sa 

4 416.8 a 41350'a 16226 a 

5 410.7 a 410.5 a 15S ora 

6 38225 ab S85. oeab $2572) ab 

q S562).a be 36052 abc 94.6 abc 

8 354.08. bcd 336.6 abcd Se pL Bele 

9 3146 “bed Sito Ded 48.3 @ 

10 299.1 exe! 306.4 cd ei pret | ‘al 

let 301.4 cd 306.4 ‘oa 3350, @ 

12 203 cd 29 tuk cd 49.6 (e 

is) 258.4 qd 262.9 d re ee @ 
See GLO br oO 19.0 19.0 
1980 Late 0 =A73 29 -248.4 © 234629 a 

1 a eo O) -246.9 -345.9 a 

2 Say are | Vata helg’ ts: -344.4 af 

3 -479.4 eS ee —34600a 

4 =48.0 82 2, Ona as20. uha 

5 UTES a aT ew ard te -279 0 a 

6 =47 084 hice vs mle ham OD 

7 -487.9 Say ee a pepenay il) Meda 

8 -487.9 o~aleg ae) Sorat Oh he 
Soa brror [Bo aels) 19e5 ie besa 


Means within columns, within grazing periods, without 
following letters, or followed by the same letter, 
are not significantly different (P<0.05). 
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Palatability indices 

Palatability indices calculated for each species on 
each day of each grazing period are shown in Appendix E. 
These indices attempt tomecorrectetorsdiiierences in) the 
composition of the plant community, and should be a more 
Stable representation of palatability than slopes describing 
biomass disappearance. 

The slopes of linear regressions of palatability 
indices on daysS-grazing were tested by least squares 
regression. Table V.5 shows the coefficients for that 
analysis, and least squares means adjusted to the covariate 
value zero (the regression intercept) and to the covariate 
mean, this being the best estimate of the palatability index 
of each species over the whole grazing period at each time 
of grazing. Coefficients of determination are shown, and 
indicate the high degree of variability associated with 
these palatability coefficients. 

Palatability of individual species, before browsing 
(Table V.5 - intercept), was influenced by both season of 
grazing, and age of stand. Rose was relatively more 
palatable early in the season than late. Its palatability 
was lowest late in the second year, by which time it had 
developed woody stems. Aspen was relatively more palatable 
late in the season than early, the effect being more marked 
in the older stand of 1980. Raspberry remained relatively 
palatable, regardless of season or stand age. This is not 


Surprising, since, in 1980, regrowth consisted of new shoots 
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Table V.5 Regression coefficients (b,) and means adjusted 
covariate zero (intercept), and to the covariate mean 
(mean), with standard errors, for linear regressions of 
palatability index on days grazing. 


Coefficients and Means 


Treatment D, Intercept Mean 
i979. Bar Dy 
Aspen ON 4a 10S ai sewrdon | 65 AIS) Oe Clee GC 
Rose -0666 ar 704 1e22¥a ecu ed eae sae 
Rasp. JOU 5S4ra— 02 PoOS PF ameea ob LD ey 
Snowb. POMmoU dee 204 S25RCRR. 24 ARCA RS bees it] 
1979 Late 
Aspen UO OOMD ss t02 a * seo OO ements oO My pi OC 
Rose a OS 95ean 6208 + TRO.5abo & y4 Boneh Jet) Mall ds 
Rasp. aU GOira Die en ela tae Wesnt hes pe Satwcemen. OO 
Snowb. US 20 Tene EOZEs SDOBCLE SZ t2 Owawes 0G 
1980 Barly 
Aspen Ch) Oe Si amen oye lize De peer BO ONECN dys Oo 
Rose =. 08 53ebD7e.04 2307 al e244 1, OSMDi ae ats 
Rasp. Mi sicieh the paw tle 2.84 a 25 Sie kG, ae) ee 
Snowb. r0955eamea..04 Silispmey Fis 45) eRe aber 
1980 Late 
Aspen =e UUSU Lame U.S Dacoeam tc Dae take) Ee aed 
Rose m0 Taeaees.0.4 BG J Gbcan 9 Velse gobo: A 0hS 
Rasp. =, 0288)a°9..04 (er, Daas leon) gens Bes08 
Snowb. emo S0a: EAS ee SU RON tatvg § a Rs: F65ecy h09 
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Coefficients and means within grazing times followed by the 


Same letter are not significantly different (P<0.05). 
* Db, coefficient different from zero (P<0.05). 
Yemwcrgnuivicanteait greater. than’ 0.2 (P<0705" 330) dt )e 
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from below ground. Ungrazed snowberry always had the lowest 
relative palatability. 

Browsed plants showed much the same relative 
palatability as did unbrowsed plants (Table V.5 - mean), 
with the notable exception of snowberry in late 1979. 

As plants are progressively defoliated, one would 
expect a decline in their relative palatability as their 
more palatable portions are removed. Slopes of regressions 
(Table V.5 -.b,) illustrate palatability changes during 
progressive defoliation. Differences between slopes were 
established in grazing times 1979 late, and 1980 early. In 
1979 late, the palatability of rose during the grazing 
period declined more than aspen. Also, while the relative 
palatability of aspen, rose and raspberry declined, that of 
Snowberry increased as forages became sparser. In 1980 
early, the palatability of rose declined, while the other 
Species increased. The apparent increase in relative 
palatability of snowberry in 1980 late was not significant 
bY sane aitest?: 

To ensure that absence of some species towards the end 
of a grazing period was not resulting in unduly high mean 
palatability indices for remaining species, the indices for 
the first five days of the grazing period were analysed 
separately. Results did not alter the relative palatability 
of species, except that the mean index for snowberry in late 
1979 became equal to rose and aspen. Clearly, the high mean 


palatability of snowberry (Table V.5) arose after day 5, 
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when other forages were becoming scarce. 


D. Discussion 

Aspen waS more acceptable to cattle in the older (1980) 
Stand, while rose was less acceptable (Table V.5). Aspen was 
more acceptable, relative to other species, when grazed late 
in the growing season than early (Figure V.4 and Table V.5). 
This increase in acceptability of aspen, both between 
seasons and between years, is consistent cen the findings 
of Bryant and Kuropat (1980) who aneTed that young shoots of 
woody shrubs were avoided by moose. Such shoots had a higher 
content of resins than older shoots and selection of shrubs 
by moose was strongly negatively correlated with the 
concentration of such resins, and hence, age of shoot. Smith 
et al. (1972) also observed that range cattle browsed aspen 
more readily in the second half of the growing seson. 

In early-grazed treatments, very little aspen was 
consumed or trampled until day 5 whereas in late-grazed 
treatments browsing commenced on day 1 (Figure V.4 and V.6). 
This acceptability of aspen late in the growing season, 
relative to other forest species, makes autumn defoliation 
offaspen by cattlesgless. difficult; tovaccomplishiwesSimilariy, 
the apparent readiness of cattle to graze within the forest, 
as opposed to the adjacent grassland, late in the season, is 
convenient if one wishes to maximise browsing at the end of 
the season. Hilton and Bailey (1972) observed that cattle 


tended to graze within the forest during dry spells, and 
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suggested that animals were selecting the moister forage. 
More recently, Gesshe and Walton (1981) rounG a strong 
positive correlation between moisture content and selection 
by cattle of mature forages. On this basis, dry fescue 
grassland in August in this study would be relatively less 
palatable than the much more lush green grassland early in 
the season. 

| Rose and raspberry were highly palatable as young 
shoots in the first year, and raspberry continued to be 
favoured in the second year. The difference in palatability 
between these species in 1980 may arise because rose grew a 
woody stem from which small new shoots arose after each 
grazing, while raspberry produced new shoots from 
underground rhizomes, and these shoots, being current 
growth, had no woody stem. 

Snowberry was unpalatable in all seasons but, after 
initial avoidance, was grazed much more readily late in the 
season than early. Again, this may be related to the 
concentration of resins in young and old foliage. 

Some of the conclusions about animal preference can be 
gleaned directly from the biomass curves without further 
recourse to the indices. These curves are most useful for 
observations about the stage at which species become 
acceptable or unacceptable. However, they do not separate 
the characteristic of species palatability from relative 
availability, and hence, their use in extrapolation to a 


community where the four species are in proportions outside 
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the "within season" range of this study (Table V.1) would be 
decidedly risky. 

The palatability indices are independent of relative 
availability which makes them much more amenable to 
extrapolation. 

In the development of the index, daily consumption is 
assumed to be the weight of plant material removed each day. 
Material removed by trampling is assumed to be proportional 
to the amount consumed. Gesshe and Walton (1981) also 
calculated consumption from grazed and ungrazed swards. The 
error associated with trampling would be more constant 
between species of forage of similar structure (Gesshe and 
Walton 1981) than between the components of regenerating 
aspen forest. In most cases where preference indices have 
been calculated, diet composition is established by the use 
of oesophageal fistulae (Van Dyne and Heady 1965, Rosiere et 
Bie 1975p) = Laycock eh ale 1972) found 1t) more accurate 
than comparing grazed and ungrazed plants. They recorded 
trampling loses by sheep, over six days, to be about 50% of 
the total plant material removed. 

From the point of view of brush control, it is the 
amount removed that is important, whether it 1S by grazing 
or trampling. Perhaps, in this case, the indices might be 
better termed "cattle removal" indices, or, as in southern 
U.S. (R.E. Sosebee, personal communication), “forage 


disappearance" indices. 
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Table V.6. Preference indices - PI (Van Dyne & Heady 1965), 
and correspnding palatability indices (PAL) for four species 
during four grazing seasons, showing ranking. 


Treatment Spps Pd. @RankeeS<S: PAL. Rank. 
1979 Early Aspen 767 3 sO 3 
Rose 4.46 1 T¥er3 TAS, 1 
Raspberry 107 2 les aah 2 
Snowberry eS a 32 a 
1979 Gate Aspen OS 4 50 4 
Rose ON, 3 fees) atone, 3 
Raspberry Pe ONS) 2 1.30 1 
Snowberry Zeal 1 BIG 2 
1980 Early Aspen 4.13 3 58 4 
Rose 5.44 Z 16 Lealone: 2 
Raspberry 9325 1 Salo 1 
Snowberry <o5 o el 3 
1980 Late Aspen Sy Onl 1 LA PIT 1 
Rose 49 & 1 a, 5/0 & 
Raspberry Tiras 2 jo On Z 
Snowberry 156 3 765 3 


It 1s of interest to compare the indices calculated 
here with those calculated by the procedure of Van Dyne and 
Heady (1965)?. Table V.6 shows indices calculated by both 
procedures. Generally, the ranking of species by the two 
systems was similar. Some notable differences occurred when 
relative availability of component species was substantially 
different, with low yields being associated with enlarged 
"P.I." indices. The procedure of Van Dyne and Heady (1965) 
would seem to be most suited to cafeteria-type trials in 
which forages are offered in approximately equal quantities. 


3Van Dyne and Heady (1965) used "the ratio of the amount of 
a plant in the diet to the amount available on the range” as 
an index of preference. As adapted here for a given plant 
species it was the ratio % removed : % available. 
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The slopes of the palatability indices for the various 
Species (Table V.5) tended to converge, with the less 
palatable species, snowberry, demonstrating increasing 
palatability through the grazing period, and the more 
palatable species, especially rose, declining or remaining 
constant. Palatability is considered to be a characteristic 
of plants, while preference is an attribute of the animal. 
However, palatability can only be indexed through the senses 
6f/the animal. Ellisvet®al (1976) "have considered that; for 
foraging animals, as food availability declines in relation 
to the requirements of the animal, their satiation level 
declines, and they become less selective. Such a development 
was apparent here, when the diet expanded to include 
Snowberry, as defoliation altered the character of the more 
palatable species, precipitating a decline in their 


palatability. 


VI. ASPEN SUCKER GROWTH AND ITS EFFECT ON ROOT CARBOHYDRATE 


A. Introduction 

In the roots of aspen, after shoot primordia 
initiation, non-structural carbohydrates (mainly sucrose, 
raffinose sugars and starch; Nelson and Dickson 1980) 
provide the energy for primordia and shoot growth (Tew 1970, 
Schier and Johnston 1971, ce aeer and Zasada 1973). Since top 
removal stimulates suckering (Farmer 1962, Schier and Smith 
1979), it may result in a lowering of reserve carbohydrates, 
as Donart and Cook (1970) showed with Rocky Mountain shrubs. 
Schier and Zasada (1973) considered that the rate of 
utilization of stored carbohydrates will be affected by 
photosynthesis after shoots emerge above ground. The 
feasibility of brush control by repeated top removal depends 
on when, in the development of the young shoot, depletion of 
root carbohydrates ceases, and replenishment commences. Over 
1000 kg ha~' of aspen sucker growth is produced in the first 
year following overstory removal (Perala 1974), but the 
contribution of these suckers to root reserve replenishment 
is unknown, although it has obvious practical importance for 
brush control operations. 

Many of these suckers subsequently die, being dominated 
by the relatively few successful suckers. On the subdominant 
suckers, old leaves generally remain green, but production 
of new leaves ceases. Evidently these suckers are no longer 


drawing on carbohydrate reserves, since reserves are not 
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completely depleted by one crop of suckers, but take many 
repeated crops to become exhausted (Berry and Stiell 1978). 
The process by which the exploitation of reserves by 
subdominant shoots ceases is not established. 
Two possible explanations are: 

1. Low light intensity reduces the growth of the apical 
meristem. Farmer (1963) found cnaeearou th of aspen 
shoots was slower under light of 500 foot candles 
intensity than under light of 1700 foot candles, which 
is approximately 20% of full summer sunlight. Leaves in 
both treatments became chlorotic while leaves of maize, 
tomato and bean remained green, suggesting that aspen 
was less tolerant of shade. Reduced growth may reduce 
the importance of the apical meristem as a metabolic 
Sink. This may be brought about by a reduced rate of 
auxin synthesis in the apex and, since auxin stimulates 
Sucrose transport over large distances (Seth and Wareing 
1967), a reduced sucrose transport stimulus. 

2. The shaded subdominant suckers are receiving light 
which, as well as being of lesser irradiance, has been 
Subject to differential absorption in the upper story 
canopy (Holmes and Smith 1975). The resulting light 
energy is relatively lower in the 400 to 700 nm range 
than is normal sunlight, and higher in the far red 
region (>700 nm). This decrease in the ratio of red to 
far red light under the canopy would be expected to 


shift phytochrome in plants under the canopy from the 
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PiretoOmtneuPuefornm (Kendrickyand Spruit.1977) .Aechande 
in the Pr:P(total) ratio may influence the mobilisation 
and transport of root carbohydrates, perhaps by altering 
Sink demands in the shoot. 

An experiment was conducted to investigate the loss of 
carbohydrate in aspen roots, from production of shoots, and 
the subsequent partitioning between parent root and new 
shoot, of carbohydrate from photosynthesis of emerged 
shoots, both dominant and subdominant (shaded). 
Specifically, the experiment was structured to determine: 

1. the effect of clipping of suckers towards the end of the 
growing season, on total non-structural root 
carbohydrates (TNC), and 

2. the effect of production of shoots from excised aspen 
root segments on TNC concentration in the root segments 
of shoots growing in darkness, in light of equivalent 
Guakityerounonmalssuniight «(normal and daght of 
Quality equivalent to that under a forest canopy (far 
red), and 

3. the morphology of shoots grown under those light 


regimes. 


B. Methods 
Time of top removal 

Aspen forest was burned in 1972, and again in May 1979. 
In early June, before any visible outgrowth of root 


primordia, it was divided into 2m x 2m plots marked out by 
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Narrow trenches 30 cms deep, so that all surface roots were 
severed between plots. Suckers emerging on these plots rate 
clipped, to 50% of their height, on one of three occasions 
Mduly sid, tAUuguStag,;2August 272) duringet979.e¢ontrol? plots 
were not clipped. There were three replications of the field 
plots. 

Root sampling and preparation 

Surface roots (maximum depth 5 cm) from clipped and 
unclipped plots for the three clipping dates were dug up 
after onset of dormancy, on 8th October 1979, taking four 
roots per plot. A 2-3 cm Segment was cut from each end of 
these roots, and was immediately placed in dry ice, prior to 
analysis for total non-structural carbohydrates (TNC). The 
carbohydrate concentration of a sub-sample taken from ground 
and mixed root tissue from the two extremities of an excised 
root, should incorporate any gradation in carbohydrate 
concentration along that root. 

After removal of segments from the extremities, each 
root waS wrapped in a moistened towel and returned to the 
laboratory where it was divided into three segments 8-10 cm 
long. Each segment was labelled, and soaked for 5 minutes in 
a fungicide solution (2.2% methyl mercury dicyandiamide), to 
reduce the incidence of infection by pathogens entering 
through the cut surface. Its ends were sealed with melted 
Panattin, tand finally, it was planted 1-1.5 ‘cm deep in 
moistened vermiculite (Schier 1978), in one of three growth 


cabinets. One third of each root was placed in each cabinet. 
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Light environment treatments 

One cabinet was maintained in total darkness. Light in 
the remaining two was balanced for PhAR at 195 uE* m-? s“', 
with quanta in the red and far red regions contrasting 
(Figure VI.1). The spectra were similar in the 400 to 660 nm 
range. Quality in the "normal" cabinet approximated the 
quality of normal sunlight, and was maintained by a series 
of fluorescent lamps. Light quality in the far red enriched 
cabinet approximated light quality under an aspen forest 
canopy as recorded on a Tectrum Instruments 
Quantaspectrometer (QSM-2500) in.east central Alberta in 
June 1979 (Figure VI.2). The light source was similar to the 
"normal" cabinet, except that some fluorescent lamps were 
replaced by a high intensity quartz iodide lamp, covered 
with a red filter. Photoperiod was 16 hours. Temperature was 
Maintainedtat 25/715 °C for 6/78. houns wischiervand Zasada 
1973), and relative humidity at approximately 70%. Plants 
were watered daily. 

After approximately 8 weeks, plants were harvested and 
shoot growth characteristics were recorded, i.e., total 
number, number >1 mm, height, weight of shoots, weight of 
stems , weight of new roots, leaf area. Stems, leaves and 
roots were then oven-dried to obtain dry weights. Root 
segments were placed in a deep freeze (-40 °C) prior to 
analysis for TNC. 
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Figure VI.1 Light energy in the 400 to 730 nm range in the 


normal and far red enriched growth cabinets. 
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Figure VI.2 Light energy over the 400 to 730 nm range, at 
Manse Ula, sat beriroanmat 15450. DM) Ol, JULY On O07 Oo mane £1 iL 


Sunlight, and under an aspen forest canopy. 
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Anthocyanin detection 

Synthesis of the pigment anthocyanin has been shown to 
be stimulated by red light, the effect being reversed by far 
red light, and consequently, has been linked to the form of 
phytochrome (Schneider and Stimson 1971). At equal flux 
densities, anthocyanin indicates the current form of 
phytochrome in plants growing under light regimes differing 
in the 660-730 nm range. | 

Therefore, following morphological measurements,. all 
stems and leaves from shoots within the light treatments 
were separated, ground, and a sub-Sample of 10 g extracted 
overnight in an HCl/ methanol solution (1 ml concentrated 
HCl 100 mi methanol) at 4-C. Absorption of light passing 
through the extract was read on a spectrophotometer at 525 
nm, this being the wave length at which the absorption 
spectrum peak for anthocyanin occurred. 
Carbohydrate analysis 

Analysis followed the procedure of Smith (1969). Root 
tissue was driedSinvan oven at’ 100°Gi for’ 90 minutes; sand 
then at 70°C for several days. When dry, it was finely 
ground and a sub-sample digested with a-amylase (Sigma 
ChemrealnCoaeSt mhOulsSeeMoe) Solutions torgatevease 48ehours- 
To ensure breakdown of fructosans if present, following 
digestion, solutions were hydrolysed with 0.1N H,SO,. 
Concentration of reducing Sugars extracted was determined by 
spectrophotometry using 3,5-dinitrosalicylate solution as a 


colouring agent and testing the sample solutions against 


prepared solutions of known concentrations of 
glucose/fructose. Concentration of carbohydrates was 
expressed as % of dry weight of root tissue. 
Statistical analysis 

The statistical design was a split plot with field 


treatments split for cabinet treatments as follows: 


RE ORO ielers «Ske cielo the 
Cu oaig Gil) eevee 
REt(Erson a) irae 6 


Ry Cirr.e Wibete le letcuctiocstane 
TOS aise Se aie: D7 


Pp — 


Due to failure of some roots to produce shoots, there were 
unequal numbers of roots per treatment, which necessitated 
the use of a regression approach for analysis of variance. 
The factor’ = (was /testedtagainst tl RT? gandn' Ci! mandl' TC’ 
aqainstethetsummoke Re’ sand LRTC’: 

Where appropriate, the effect of parent root diameter, 
or new root weight, was included in the model, as a 
covariate. 

Means are least squares means calculated from the 


coefficients fitted to the regression model. 


’eOne missing cell (RTC). reduced the total (D-F. and ‘the 
Zaway interaction DgF. iby )1. 
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C. Results 
Time of top removal 
Carbohydrates 

Field clipping in July and August, had no 
Significant effect on TNC in roots in October (Table 
VI.1). Mean TNC at sampling on 8th October was 10.5% by 
weight. There was a general decline in root TNC 
associated with shoot growth in growth cabinets (Table 
WAR Ohe me 68 feeld Chippingeavdsnot s1onetficantlLy 
erect this decline? (Tablet vie). 

Shoot number 

Roots from successively later clipping treatments 
gave rise to successively fewer suckers (Table VI.2). 

A regression of number of shoots (>1 mm) on time of 
clipping wasS significant (F=1277) but with an r? of only 
0.14. A regression of shoot number including all visible 
primordia (i.e. everything initiated) on time of 
clipping explained even less variation (r?=0.08). 
Clipping time, then, would appear to be more closely 
related to shoot outgrowth than to primordia initiation. 
Schier (1973a) concluded that initiation was controlled 
by hormones, while outgrowth depended on carbohydrate 
reserves. 

Two interactions (Tables VI.4, and VI.5) indicated that 
shoots which were totally dependent on stored carbohydrate 
(grown in darkness), grew more, in number and weight, if 


they were from roots of unclipped or "early"-clipped 


aie 


Table VI.1 TNC (% dry weight) and the percent change, for 
roots of aspen suckers from four clipping treatments, at 
sampling (pre-treatment) and after growth cabinet 
treatments. 


Clipping time 


Nil ORO WES hy: Aug 7 Aug 27 Sita 

Pre-treatment 10.1 10.4 TORO Tee oie 
Post-treatment 3.3 4.7 PEAT! 2h) ll 
% change 65%5 504-4 6901 ADD 14.3 


Table VI.2 Mean number of shoots per root, growing from 
excised roots of suckers from four field clipping 
treatments. 


CLlipping--time 


Nid Sruibsyentas Aug 7 Aug 27 S.tn 
Number? 10 qa Wisk 5.8 ab- are SD HAT 
TeSUNOOES eal sn, 


Table V1.3 TNC (% dry weight) and the percent change for 
excised roots before and after growth of shoots under three 
growth cabinet treatments. 


Light treatments 


Normal Far red Dark Se 


Before (Moers: 9.8 ioe) Lee 
After Zinie. Ly ALS 2.9 os 


% change 60.6 Ole Sore oe) 
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Table VI.4 Total length of shoots per root (mm) from four 
field clipping treatments, under three light environments. 


Light treatmentsT 


Ciip oe ee 

treatment Normal Far red Dark Syalah 
Nil 185 a 236 a 971 a 47 
eye ey, Wats) B) 240 a 760 a D2 
AU en), 108 a 281 a 2365 43 
AUG. 27 105aa 13558 404 b Z5 


+Means within columns followed by the same letter are 
not Significantly different <«(P<0205). 


Table VI.5 Total weight of stems (mg) of shoots from roots 
from four field clipping treatments, under three light 
environments. 


Light treatmentsT 


CAyiie) seas ala Sl a el cea Tw LN 
treatment Normal Far red Dark Se ius 
Nil 1LOeaare Cian ve Ish e AG) = 24 
itllevie lis i OGRa? 2 1L0Grap et Vibra. 26 
Avice 104%at 74 a *? Be bes 20 
Auge 56a 88 a ' 80 b ! 12 


tMeans within columns followed by the same letter are 
not significantly different (P<0.05). 

tMeans across rows with Similar superscripts are not 
Significantly different (P<0.05). 
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suckers, than from later-clipped suckers. Shoots with access 
to both stored carbohydrates and new photosynthates showed 
no such effects. Note that weights shown in Table VI.5 do 
not include leaves. 

Clipping time had no effect on any other parameters of 
shoots produced under the three light environments (Appendix 
BF) 

Light environment effects 
Phenological development 
In both light cabinets plant growth was slow (about 
30 g in 2 months). During that time the development of 
the plants under the two light treatments was not 
markedly ditterent@ no terminal buds having formed in 
either cabinet. 
Carbohydrates 
TNC levels declined as shoots were produced in 
growth cabinets, but neither the final TNC level nor the 
amount of change were different between cabinet light 
treatments (Table V1.3). 
Shoot morphology 
Morphological effects of cabinet treatments are 
shown in Table VI.6. There were no differences in 
numbers of shoots (>1 mm) produced per root in each 
growth cabinet, but when all visible primordia were 
counted, it became evident that, assuming primordia were 
equally distributed between treatments at commencement, 


more primordia were initiated in the dark than in the 
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Table VI.6 Morphological effects of three light environments 
on aspen shoots at harvest. 


Light treatments 


Normal Far red Dark SE. 


Shoot number (>1 mm) 

(roots) 5.4 6.2 6.8 0.5 
Shoot number (all) 

(rOohi)) The Diets 6.8 a L025 2b On? 
Av. shoot length 

(mm) Sa a 40 a 84 b 4.9 
Stem wt. 

(mg iDMeroot 1) 91 87 119 Bias 
Stem wt. 

(mg DM mm-') 0.52 a 0.49 a lie 002 
Leaf area 

(cmaashootn' ) 7.9 6.8 ess 
Leaf wt. 

(mg DM root-') 199 a 134 b 14.6 

- Leaf wt. 

(mg DM cm-?) Cl 7.9 2 
Leaf:stem 219 a he5 Sab Oi 
Totalvyshoot wt. 

imquDMEroot sn) 294 a 22205 119%c 22 
New root wt. 

(mg eDMaroots») 43.7 a 19.0 ab ORS hb GkiG 
Shoot :rootT 6a in We, ey te Sosy oud Jie ds) 79 


+ arithmetic means. 


11 


light treatments. 

Dark-grown shoots were taller but lighter (thinner) 
than were light grown shoots. While stem weights were 
not significantly different among the three light 
treatments, a greater weight of leaves was produced per 
root in normal light than far red light, which meant 
that total shoot weight per root was heaviest in normal 
light, lightest in the dark, and intermediate in far red 
light. The leaf:stem ratio reflected the greater weight 
of leaves under "normal" light. 

New roots were heaviest in normal light, lightest 
in darkness, and intermediate in far red light. 
Resultant shoot:root ratios indicate the partitioning of 
carbohydrates in dark-grown plants, towards top growth. 

In an attempt to explain some of the variation in 
TNC, the diameter of each excised root was used aS a 
covariate with TNC change. The 6% of variation removed 
by the covariate was significant but ranking and 
Significance of means was unaltered. Regression of root 
diameter with TNC at commencement was significant, but 
only explaimedheanof TNC variations (re=0. 080" 

When effects of root growth were removed by using 
dry weight of roots as a covariate with morphological 
parameters, generally, there was no change in ranking or 
Significance of treatments. The exception was dry weight 
of shoot, where differences were eliminated, though 


ranking remained the same. The covariate ‘root weight’ 
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accounted forg2o.o% offtvariationsansdry iweightedfimshoot. 
Anthocyanin 

Anthocyanin content, assessed as percentage 
transmission at 530 nm of tissue extracts, was greater 
in leaves than stems for both normal (58 vs. 18%), and 
far red (36 vs. 16%) treated shoots. There appears to be 
a are concentration of anthocyanin in leaves in 
normal light than in far red light, which supports the 
expectation that phytochrome existed in different forms 
in the two light cabinets, and therefore, can be 
considered as having a possible influence in the 


morphological effects observed.. 


D. Discussion 
Time of top. removal 

Aspen plants,.in the plots subjected to field clipping, 
had been burned in the spring, after which, their roots were 
disturbed by deep ripping. They produced suckers in the 
latter half of the season. Carbohydrate concentration in the 
roots of these plants was generally (and not surprisingly) 
low. The somewhat higher TNC levels (15-20%) recorded by 
Schier and Zasada (1973) were in undisturbed forests. 

Roots from unclipped field plots and from the 
July-clipped plots that were kept in darkness, produced 
longer and heavier stem material per root (Tables V1.4 and 
VI.5) than roots from later-clipped plots. Shoots growing in 


darkness are dependent on stored carbohydrates. The result 
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suggests that unclipped and early-clipped plants had more 
carbohydrates available for growth than later-clipped 
plants. Early-clipped plants may have had sufficient growing 
season left for some carbohydrate replenishment to take 
place. 

The absence of any such trend in TNC from the 
laboratory analyses of root TNC casts some doubt on the 
sensitivity of those analyses. Inaccuracy may have been 
associated with initial drying of the root tissue. 

The process of drying of root material prior to 
analysis is critical. Raguse and Smith (1965) tested 
techniques in TNC analysis uSing enzyme digestion, and 
reported significant differences in the yield of TNC from 
drying alfalfa at various temperatures, or freeze-drying, 
the latter giving the highest, and presumably, the most 
accurate yield. Smith (1969) reported that, at 100°C, 
carbohydrate losses will occur once the tissue has reached 
dryness. At lower temperatures (70°C), the tissue suffers 
respiratory losses until completely dry. 

Where tissue varies in bulk, the time taken to reach 
dryness will vary. In this experiment, variation in root 
diameter may have resulted in a variation in the loss of 
carbohydrates due to respiration or heat breakdown for large 
and small roots respectively. Freeze-drying would eliminate 


this problem. 
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Light environment effects 

While small differences in TNC levels between clipping 
treatments may not have been discernible under the drying 
procedure which was followed, light treatments each 
encompassed the full range of variation in root diameter, 
and consequently, may have a constant level of error across 
treatments, making comparisons possible. 

Carbohydrates 

The production of shoots was associated with a 
lowering of root TNC levels in all three growth cabinets 
to approximately the same extent (Table VI.3). The final 
levels were quite low. There is nothing to Suggest any 
contribution from photosynthesis to TNC in parent roots 
at this stage of development. 

It seems that instead of using photosynthates to 
restore TNC levels, light-grown shoots remained as 
"Sinks" and used their photosynthates for top growth. 
The excess weight of shoots grown in light over those 
grown in darkness (Table VI.7) must be attributable to 
photosynthesis. Shoot weights in far red light were 
doubled and in normal light almost trebled. The 
utilisation of photosynthates in the actively growing 
shoot corresponds with the findings of Larson and 
Dickson (1973) for P. deltoides seedlings up to LPI 9. 
In the study reported here, leaves were not counted, but 
they would have been less than 9 in almost all cases. 


Donnelly (1974) reported similar acropetal transport for 
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Table VII.7. Comparison of TNC change and shoot growth under 
growth cabinet light treatments. 


Light treatments 


Normal Far red Dark 


TNC loss 

(%) 60.6 Giro 66.9 
Shootmwt.penacroot 

(mg) 294 222 119 
Av, “ShOCOLBWE.. 

(mg) 54.4 35.8 ee 
Wt. gain due to 
photosynthesis (mg) 8659 S73 


actively extending branches of mature trees of 
P. grandidentata, with net basipetal transport only 
commencing in the latter half of the season. 

Larson and Gordon (1969) reported that the root 
system of Populus deltoides seedlings absorbed up to 60% 
of photosynthates exported from mature leaves, and that 
basipetal transport only became significant after the 
6-7 leaf stage. However, the roots of their seedling 
plants were growing actively. Hence, they were an active 
metabolic sink, unlike the old excised roots in this 
experiment. 

As Schier and Zasada (1973) found, shoots 
apparently competed for available substrate. Regressions 
of shoot weight and shoot number within cabinet 
treatments revealed a significant negative relationship 
iocthe¥dank scabinet (H=16+9}er2-O0nsS)}ebutinotein ‘the 
light treatments. It would appear that photosynthesis 


was compensating, to a small extent, for competition for 


- 


ay 
rt se: 7 


os i be ime barn: 
er . rane 7 
, joey ond ise a ‘e sh 


) 
: 7 in 


F's tver we “# ronan a 33 


Ihe 13 tad: dat .20 sn gm 


‘ ss) . y yy 
7 : f a! \ 7 H 
,; 1 Wa i YON 
%. 1 me i ne 7 re 
ie r ates 7 r tah ee Wie 
aa ce eer ower “gout 
_ 1a 4 AL : rt 
1 
> 5 
hae * 2 
“ 
37 
} : i 
> 


: ae. _ 


{22 


carbohydrates among light-grown shoots. 

There 1S no suggestion that phytochrome influenced 
the mobilisation of root carbohydrates for shoot growth, 
Since there were no differences in root TNC between 
light environment treatments. Phytochrome may have 
influenced the efficiency of photosynthesis, perhaps by 
controlling the rate of transport of assimilates from 
source to apex, since shoot weights differed between 
light quality treatments. The promotion of 
photosynthesis by increasing sink demands, associated 
with accelerated transport of assimilates, was 
demonstrated by Peet and Kramer (1980) in soybeans. 

Partitioning 

Some differences in partitioning were evident. 
Shoots grown in normal light directed less photosynthate 
towards producing stem tissue than did shoots ae red 
enriched light. Instead, they allocated it to the growth 
of leaves. This was significant when expressed as a 
leaf:stem ratio, and suggests that phytochrome was 
controlling stem elongation and leaf growth as an 
adaptation to shade. Such effects have been reported for 
other plants (e.g., Mohr 1974 on Sinapis alba). 

Shoots were heavier in normal than in far red 
light, even though the two cabinets were subject to 
equal PhAR. Greater leaf weight in normal light may have 
been associated with greater total photosynthesis, and a 


correspondingly greater dry matter accumulation. 
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Hoddinott and Hall (Can. J. Bot., In press) have 
found that far red enriched light encourages the growth 
of tops in bean plants, or conversely, that red light 
("normal") stimulates transport of assimilates away from 
tops. 

Since PhAR was balanced in their experiment, one 
would expect, as was found here with aspen, that there 
would be relatively less root development under far red 
light. However, their plants had active root systems, so 
that water uptake would not be a limiting factor, 
whereas, in this experiment, it may have limited growth 
in the far red cabinet. Symptoms of wilting were not 
obvious. Furthermore, in bean plants, a root system 
limited by pot size restricts growth through the hormone 
system, involving GA and cytokinins, and not through 
water or mineral uptake (Carmi and Hever 1981). 

In this experiment, as in that of Hoddinott and 
Hall, translocation to roots may have been stimulated 
more under normal than far red light, through light 
quality effects. The resultant greater root development 
would have permitted greater top growth through greater 
hormone synthesis (Carmi and Hever 1981), masking the 
GELECtROfepantatroning towards top growth) in far red 
light, noted by Hoddinott and Hall. Even so, the 
shoot:root ratio tended to be higher under far red 
light, which is consistent with the observations of 


Hoddinott and Hall. 
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The lack of difference in TNC loss between light 
treatments could also be associated with the differences 
in root development. Richardson (1956) showed a positive 
relationship between available root reserves and 
subsequent root growth of Acer saccharinum. The root 
development in the lighted growth cabinets may have 
drawn on TNC reserves which had not been lowered in 
those treatments as much as in the dark cabinet. In this 
way light-grown shoots, having stimulated root 
development, ensured their survival at the expense of 
TNC reserves. Differential root development, if it 
occurs in the field, might explain much of the growth 
rate differences in shaded and unshaded sites. 
Only 22% of viable excised roots developed 
adventitious roots. Undisturbed suckers normally produce 
very few new adventitious roots at their bases in the 
initial 2 or 3 years. Zahner and Debyle (1965) found 
that the suckers remain at least partially dependent on 
the parent root for up to 5 years, and suggested that 
the plants were unable to supply water and nutrient 
needs from the small number of adventitous roots which 
had developed at their bases. 
Limitations of excised roots 

The shoots here were grown on excised roots. Schier 
(1973a) suggested that GA which, in roots, is synthesised in 
the root tips (Moore 1979), may be low in excised roots. He 


applied GA to excised aspen roots and found that it 
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inhibited shoot initiation but once outgrowth had commenced 
it was Stimulated by GA. This was reversed by the 
application of pyrimidine (a GA inhibitor). In this 
experiment, abundant shoots commenced outgrowth as would be 
permitted by an absence of GA. Then, where root growth 
occurred (and GA was synthesised), shoot growth was 
stimulated. Where there was little root development, shoot 
growth was Slower than one would expect in the field, 
Suggesting an absence Bee although the rate of water 
uptake might eee be limiting. 

The role of cytokinins in the stimulation of localised 
transport was established by Mothes and Englebrecht (1961), 
and later, over longer distances in association with GA, by 
Thorpe and Murashige (1970), and Sharif and Dale (1980a,b). 
The low concentration of these hormones in excised roots 
(Schier 1973a) seems likely to result in reduced shoot 
growth (Carmi and Hever 1981), and reduced translocation of 
metabolites to roots. Hence the question of the difference 
in behaviour of excised roots and entire roots in sucker 
growth makes extrapolation to the field situation in regard © 
to the restoration of root TNC somewhat hazardous, and . 
points to the need for investigation into the movement of 


metabolites in suckers actually growing in the field. 
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E. Conclusion 

In; theeini bial ee after emergence, while leaves are 
expanding, aspen suckers are unlikely to begin to restore 
carbohydrate which has been mobilised to produce those 
suckers. In this study, net basipetal transfer had not 
occurred in the two month period, but these suckers were 
grown at about 20% normal light intensity, and from excised 
roots. Root systems in suckering aspen might not be active 
Sinks in the first year, since Zahner and Debyle (1965) 
found little root development in the first few years of a 
sucker's development. Mature trees only commence basipetal 
translocation of assimilates after midsummer, when active 
extension has ceased (Donnelly 1974). It seems likely that 
young suckers, whose active extension phase lasts longer 
than in mature; trees, will retain their photosynthate for 
EOpegrowth and (bexcorrespondingly (later ingcommencing 
basipetal translocation. 

Evidence to elucidate the process of growth inhibition, 
and root carbohydrate restoration in shaded plants, is 
inconclusive. Light quality had no effect on final TNC 
levels, but it did appear to be controlling some aspects of 
adaptation to shade. Greater leaf development in plants in 
normal light enabled those plants to fix more carbon, and 
consequently grow faster. They also produced more 
adventitious roots, for which the supply of assimilates may 
have been light-mediated. Whether root development came 


first aS a response to red light, or after leaf development 
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aS a response to increased photosynthate supply, is not 
known, though the evidence of Carmi and Hever (1981), 
discussed above, suggests the former. 

While there was some evidence that light quality 
influenced the partitioning of assimilates, with plants 
grown in "Shade" having lower leaf:stem and higher 
shoot:root ratios, plants under the two light quality 
treatments were not phenologically different. This suggests 
that the differences in performance of suckers in the field 
may be a response to light intensity as well as light 


quality. 
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VII. CONCLUSIONS 
Range management, aS an academic discipline, is essentially 
the study of the manipulation of plant communities by man to 
Servemalparlicularm-setuor obyectuvesmuangings: rome the 
production of domestic animals in the most efficient way 
possible, to the maintenance of a range of native species 
for use by wildlife, or even for purely aesthetic purposes. 
These diverse objectives, and the desired degree of control 
over the whole ecosystem, must dictate the strategies 
employed. The complexity of the environment involved may 
range from one involving many species growing in many 
Strata, to a relatively simple one such as a monospecific 
grass sward. 

In the field study reported here, the plant community 
and its environment were highly complex with many species 
competing for the available resources. The study was an 
attempt to unravel some of this complexity, the objective 
being to replace trees and woody shrubs with vigorous 
pasture species in circumstances which did not permit the 
use of mechanical operations. Such an objective fell well 
within the scope of the above definition of range 
management, particularly if the unravelling revealed 
possible techniques for predictable plant community 
manipulation, as indeed it did. 

The predictable modification of a natural ecosystem 
requires an understanding of the factors operating in, and 


controlling that system. In this study, some of the factors 
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controlling the interaction between grazing animals and 
aspen forest were elucidated; specifically, those relating 
to selection by the animal, and to regrowth of some of the 
Original and introduced plant components, following heavy 
grazing. In addition, some of the physiology of regrowth of 
the dominant plant species was examined. 

The dominant species in the plant community studied was 
aspen. In its native state, aspen is an important forage 
resource for many species of wildlife from large ungulates 
to many birds and insects. Elimination of aspen from a wild 
range would pose a serious threat to many of these life 
forms. Cattle are not native to North America and do not use 
all the available species. Consequently, the efficient 
raising of cattle in large numbers must involve the 
replacement of the native communities with vegetation 
Sea nie for cattle, or at least the modification of those 
communities. 

Mature aspen forest has little accessible forage for 
cattle, but the same is not true of aspen suckers. Although 
little use was made of the foliage of suckers in the first 
few days of the grazing early in the growing season, the 
cattle made considerable use of them in late August, and had 
consumed over 40% of available aspen browse after only four 
days. The grazing pressure in those late-grazed paddocks at 
four days was the equivalent of between 0.5 and 0.6 animal 
units ha~' over the whole grazing season which is not 


unrealistic. The grazing pressure was, of course, very 
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concentrated which allowed little selection later in the 
grazing period. Selection opportunities in the early stages 
would be greater than in a paddock where selection of the 
most palatable species was taking place over the whole 
season. 

It is only possible to speculate on the reason for the 
seasonal difference in acceptability of aspen foliage early 
and late in the season. The changing acceptability of 
alternative forages, particularly the fescue grassland, 
seems very likely to be a major cause (Gesshe and Walton 
1981). The reason for its avoidance early in the season may 
be associated with its resin content at that stage (Bryant 
and Kuropat 1980). 

The nutritional value of this foliage is uncertain, 
Since no animal liveweight data were taken. Indications from 
previous unpublished research (Trabysh and Bailey, personal 
communication) are that it may be fairly nutritious, having 
13% crude protein and 34% crude fibre (acid detergent) in 
August. The only work which has emerged on digestibility of 
aspen was-at the University of Minnesota on aspen bark which 
was only 37% digestible (Fullinwider 1976). The foliage 
would be somewhat more digestible than this. At any rate, as 
a forage resource for beef production, aspen is likely to be 
short term, and is unlikely to be as satisfactory for cattle 
forage aS grass Species which replace it . 

From the aspect of beef production, the interesting 


point is, not whether aspen foliage is nutritious, but 
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rather, the fact that its acceptability is greater at the 
end of the season than®»earlier. Such’ a» change in 
acceptability is extremely fortuitous in the light of the 
contrasting effects which emerged from different seasons of 
grazing. 

A substantial degree of control over plant succession 
in a regenerating ean forest emerged from grazing season 
treatments. It was possible, by changing the season of 
defoliation, to radically and consistently alter the type of 
plant community which developed, especially the population 
of aspen suckers, which was the major objective. It now 
seems theoretically possible, given a particular set of 
objectives, to dictate the type of plant community which 
regenerates after a fire in an aspen forest by strategic 
timing of heavy grazing. 

With the present state of knowledge of the effect of 
season of defoliation on the various individual species, the 
prediction would be crude. Much more information is needed, 
not only about the effects of defoliation on those species 
per se, but, just aS importantly, about the resultant 
reactions in the competitive environment of the whole plant 
community. This study merely laid some foundations for this 
type of research. 

The herbage yield in the plant community emerging after 
the elimination of aspen probably was well below the maximum 
potential yield for an improved pasture in that area. It had 


a large proportion of other woody shrubs with varying 
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degrees of acceptability to cattle. Consequently, a single 
heavy grazing should not be construed as a total management 
Strategy. Additional grazing during the growing season could 
be timed to precipitate a decline in certain other shrubs, 
finally leaving only the introduced grasses. Alternatively, 
other forms of shrub control (mechanical, herbicides, fire) 
may be useful as an adjunct to grazing operations, in order 
to arrive at a productive forage sward. 

Probably the major obstacle in this regard is the 
persistence of western snowberry. There was no evidence of a 
decline underethe treatments imposed ingthis study) In fact, 
it may have expanded aS grazing removed its competitors, as 
Suggested by plant density data (Table III.7). Overall 
manipulative control has not been achieved until the problem 
of western snowberry has been overcome. 

Cattle were used in this study, because they are the 
most abundant domestic animal species in the aspen parkland 
of western Canada. Other species of animal may be more 
effective for aspen defoliation. Sheep graze aspen more 
readilyuthanicattlem(Sampson 1919;//Smith ebtal 11192 )e:ELk 
are known to decimate aspen stands in areas where they are 
concentrated (Gruell and Loope 1974). Goats are very heavy 
browsers, but may eliminate desirable herbage as well 
(Sheldon 1980). A strategy which was found satisfactory 
using cattle, may be even more effective with one or more of 


these alternative animal species. 
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The establishment of introduced grasses was enhanced by 
removal of shrub competition early in the growing season as 
opposed to allowing newly established seedlings to try to 
compete with vigorously regenerating shrubs until the end of 
the season. However, while early grazing aided grass 
establishment, and indeed a respectable sward established, 
making up 28% of total biomass in the second year, there was 
no noticeable depression of aspen suckers as a result of the 
presence of this vigorous sward. Failure to suppress aspen 
suckers under early grazing prevented further expansion of 
grasses in the third season. Where aspen had been eliminated 
(under late grazing), although initial establishment of 
grasses waS poorer, they gradually expanded. By the third 
season the grasses were contributing as much under late 
grazing as in the better established early-grazed swards. If 
aspen was preventing the expansion of grasses, rather than 
the reverse, attempts to control aspen regrowth following 
overstory removal, simply by introducing competing grasses, 
seem unlikely to be very fruitful. 

The picture emerging is one of two conflicting needs. 
The control of aspen suckers requires late season grazing, 
but the establishment of grasses, so essential for long term 
range development, requires an early grazing. Some 
combination of the two may be effective in achieving both 
objectives. However, the result is by no means a foregone 
conclusion. The early grazing of aspen may cause it to 


branch in such a way that complete defoliation in August is 
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difficult. Again, the late grazing of forage seedlings, in 
addition to their early grazing, may have a detrimental 
effect on their vigour and perhaps their ability to survive 
the winter. Further investigation is necessary. 

In Chapter III, the possible reasons for the dramatic 
effect of late defoliation on aspen suckers was discussed at 
length. In relation to the need for complete defoliation, it 
should be emphasised that practically complete defoliation 
was achieved by that treatment, and if the dormancy 
inhibition theory proposed in Chapter III is correct, the 
presence of some leaves may allow the establishment of 
dormancy in enough of the plant to permit its survival. 
Again, total defoliation does not necessarily have to be 
achieved by cattle. Mechanical defoliation, or a chemical 
defoliant, might achieve the same result, or supplement the 
grazing technique. 

The movement of carbohydrate in the roots of aspen, as 
Suckers are produced, emerge, and grow, was found to be 
consistent with published evidence about source/sink 
relationships in actively growing plants. It was not 
consistent with the frequently stated view that restoration 
of carbohydrate reserves commences once suckers emerge. 
Considerable time may elapse before any such restoration 
occurs since actively growing shoots are likely to retain 
most of their photosynthate for shoot growth. If stems 
continue to elongate until just before leaf fall, as Populus 


Sucker stems frequently do (Kozlowski and Keller 1966), 


eS) 


little or no replenishment of carbohydrate can be expected 
in that growing season. Consequently, annual top removal 
Carried out in June with the objective of depleting 
carbohydrate reserves, may be sufficiently frequent to 
prevent any carbohydrate replenishment. With more frequent 
top removal, carbohydrate depletion associated with 
submerged sucker initiation and growth, would be more 
frequent, but little or no carbohydrate replenishment may be 
expected in either case. 

AS previous published work showed, annual top removal 
operations are slow to reduce suckering, and laborious to 
carry out. There was no evidence of a decline in suckering 
vigour after two heavy early grazings, and none could be 
expected for at least 4 or 5 years (Berry and Stiell 1978, 
Perala 1979). 

Carbohydrate reserves in roots of established aspen 
clones seem to be adequate to supply a number of crops of 
suckers. Attempts to control aspen by exhausting these 
Pesenvesehas novebeenssuccesstul@rnntiemshorr tern. 
Investigations into the causes of control by August 


defoliation are likely to be more rewarding. 


: To 


: oT ’ 
‘dans bore 


1 Y . 
- eva 


7 otis 


AE 


- 


eh 2 
a PS 


VIII. BIBLIOGRAPHY 


Alvim, R., E.W. Hewett, and P.F. Saunders. 1976. Seasonal 
variation in the hormone content of willow. 1. Changes 
in abscisic acid content and cytokinin activity in ‘the 
xylem sap. Plant Physiol. 57:474-476. 


Audus, L.J. 1975. Geotropism in roots. In The development 
andatunctuonrot. rootse #JeG. Lorreyrana D.T.8 Clarkson; 
6ds. Acad: Press, New) York:.,.0. 93275363: 


Bailey, A.W. 1972. Forage and woody sprout establishment on 
cleared, unbroken land in central Alberta. J. Range 
Manage. 20 see. 


Bailey, A.W. 1978. Use of fire to manage grasslands of the 
Great Plains: Northern Great Plains and Adjacent 
Forests. 1st Int. Rangeland Congr., Denver, Colorado. p. 
691-693". 


Bailey, ATW and. HeG. “Anderson. 19792 UBnush? controh’on. sandy 
rangelands in central Alberta. J. Range Manage. 
BQ season 


Bailey, A.W. and R.A. Wroe. 1974. Aspen invasion in a 
portion of the Alberta parklands. J. Range Manage. 
Cre 2OSe 266. 


Barnes, B.V. 1966. The clonal growth habit of American 
aspen. Ecology 47:439-447, » 


Bartos,ODsL. and -Riseeuonnstonsimo78eebrvomass.and nuprvent 
content of quaking aspen at two sites in the western 
United Stacéesveror.eSe1. 24 2273-280. 


Bartos ,oDVL. ‘and WtRviMueggler? 1979) "Influence Yorekireron 
vegetation production in the aspen ecosystem in western 
Wyoming. In North American Elk, Ecology, Behaviour and 
Management. Ed. M.S. Boyce and L.D. Hayden-Wing. Univ. 
Wyo. Laramie. Wyo. 294 p. 


Bartos, D.L. and W.F. Mueggler. 1981. Early Succession in 


136 


oe ‘eae ated et 
1) ‘ug aes OLA 4 | aie 


' ; 


oe oe 


ite ad a 4 Sn * 


197 


aspen communities following fire in western Wyoming. J. 
Range Manage. 34:315-318. 


Basile, 0.6. and S7S. sHuEcChIings. 1966.) Twig 
diameter-length-weight relations of bitterbrush. J. 
Range Manage. 19:34-38. 


Bella, ob. wandeuer. DeFranceschi.) (972s. 4.ne ettect: (of 
logging practices on the development of new aspen 
stands, Hudson Bay, SaSkatchewan. Nothern For. Res. 
Centre; hEdmonton, Alta seNoraka3s. e200. 


Bella, I. E. and J. P. DeFranceschi. 1980. Biomass 
productivity of young aspen stands in western Canada. 
BDVironcaCanwrican bho”. GServee int. “Rep. NORTX21:9... 23p. 


Berry, A.B. 1973. Production of dry matter from aspen stands 
harvested on short rotations. IUFRO Biomass Studies, 
Colle (bale wScyarAgra cs UNIV. eMaine, areOnono. pp. 
209-218. 


Berry, A.B. and W.M. Stiell. 1978. Effect of rotation length 
Ongproductivityeotskaspen sucker stands "For. Chron. 
BA 26594267 % 


Bird, R.D. 1961. Ecology of the aspen parkland of western 
Canada. Can. Dep. Agric. Research Branch Publ. No. 1066. 
OO g Ors 


Bowes, G.G. 1975. Control of aspen and prickly rose in 
recently developed pastures in Saskatchewan. J. Range 
Manage, 20 f227 4220. 


Bowes, G.G. 1976. Control of aspen poplar, balsam poplar, 
and prickly rose by Picloram alone and in mixtures with 
2, 4=De8 J. eRangesManade. #29: 48—150% 


Bowes, G.G. 1978. Advantages of herbicides for brush control 
on newly seeded rangeiand in western Canada. Proc. Ist 
int. (Rangelandgecongr, ;ADenver, *€oboradoes yp: 6513653; 


Brown, A.B. 1935. Cambial activity, root habit and sucker 
development in two species of poplar. New Phytol. 
Soe Osmo 


_ 
CAP BiG 


é x he a. a 


; A Md e*. 3! 71 oe 


J eo 


7 decagh 
bei Wikis faldaed LaRee 
Fo apie bee ak ame 
i 4 : 


ORS 


138 


Bryan, G.G. and W.E. McMurphy. 1968. Competition and 
fertilization as influences on grass seedlings. J. Range 
Manages «212985104. 


Brundage, A.L. and C.I. Branton. 1967. Ryegrass and 
_orchardgrass-alfalfa for annual forage and pasture in 
south=centralmAlaskat.%J. "Dairyescan (50385658627 


Bryant eh. ond shew. KULOpal sm 1 oc0Lwselection. Of winter 
forage by subarctic browsing vertebrates: The role of 
plant Vchemistry JGAnnVeReV  BcoloeSyst. 4226-85% 


Buckman, R.E. and L.H. Blankenship. 1965. Repeated Spring 
prescribed burning reduces abundance and oe of aspen 
Footesuckering.. «J. Boe 63 $28525% 


Byelich), J .D., 0 .o..COOk and Rk. sBlouch. 972. Management 
for vdecr st ;USDASFORVeServ. GenJervechn Rep.cNCn iinZ20-125. 


Campbell, M.H. 1968. Establishment, growth, and survival of 
Six pasture species surface sown on unploughed land 
infested with serrated tussock (Nassella trichotoma) 
AUSCLEITSEX DY Agw Ante husbarce 4 /Ua77% 


Gampbell,, M:H. and F.G. Swain.) 1973. Factors ecausing, losses 
during the establishment of surface-Ssown pastures. J. 
Range Manage. 26:355-359. 


Carmi A and Bb. Hever. POS 1. "The roles ot frocts: in rcontrol 
opebean«shooesgnowth. Arn Ve Botr e458 15105200 


Christian, K.R. 1977. Effects of the environment on the 
Geowen Of allalian. "Adve, AGrOns 2916s e227 


Cohen? DIBS, EVBt *Dumbroftivtand DePs oWebbivi970.. Seasonal 
patterns of a RegorES acid in roots of Acer saccharum. 
PranieocCive Ge tingle om Sos 


Cozens, PUG li sande eve Wilkinson, e1966.%€onrroy ofitatrera! 
bud inhibition, flower emergence and dormancy in 
blackcurrant... Nature 2) 12867-68. 


Cullen @envgaAt@1970veThe effectrofeqrazing; Gtumerotrsowing, 


a ANN ae L sate 


Re: eB By) oa ees hy Ps 


ERS aE Pt 


pets Wee 


ragiait eH 


Vidiney- 


a ae Mi 
Vv Wile, Ser eee 


et / CMA el re = Puy hey “fr Batith whe vaste atk pny 
1, Bogedine OS. Spare 7aere 
‘ 
mi sdodv of efee eet \1RO leave © Beene heme 
‘oP aota7 eh (ace . ak Adwoag sobre need Tw ce 


eoanrins <9 V. geld te Byoels? reel tae i soso 
Veer et eee Mbithi WEA .niieks e de | my 
ai) fi eae 


Ahi ‘Owes ‘ ¥ 


ng int: Be a ce aa 
5 nt qaragsoe toe 


pict: ve onus 


r ime pee Lah. ae 


yim Ati ret af 
tad bee Y 
Ae ‘ ew S| 


ey 
Tu ee, $e "eel iO ROCCO Na 


1s 


, sae b 4 


ay 3 aa 


¢ a 
-, 7 Seat p 


imu pit ge? 
ies way ie oi ae 


77h bape | 
TUE Y Lean oe: te 
Pepe ai wats (Eee 
“| P i ) *)\8 ; v& a " Thy. 


: a 
“4 Sat) i y aA} Serf, pnt ig 3 tire sé ta s 


AS 

Sesdewt, Vue a 
20 Str icede Io. ees 
26: (insted ioe. 


i | 


or ee hy 


a nee 


gehen 


a wet | ae 


139 


fertilizer and paraquat on the germination and survival 
of oversown grasses and clovers. Proc. iith Int. 
Grassld. Congr. Surfers Paradise, pp 112-115. 


DeByle, N.V. 1976. The aspen forest after harvest. IN 
Utilization and marketing as tools for aspen management 
inathe Rocky «Mountains. UProcs Sympa, sPOnutecollins | Colo. 
USDAUEOr.~Serv<tiech. ©. Rep. RRM=29 paso; S9:. 


Dickson, R.E. 1977. EDTA-promoted exudation of '‘*C-labelled 
compounds from detached cottonwood and bean leaves as 
related, tosStransiocation, Gant@u thom. Res. 07: 277-284. 


Donart, G.B. and C.W. Cook. 1970. Carbohydrate reserve 
content of mountain range plants following defoliation 
andyregrowth (370 Range:Managesii22. 154.9% 


Donnelly, J.R. 1974. Seasonal changes in photosynthate 
transport within elongating shoots of Populus 
gnandidentatag Cans Ji Bot.) 5222547-2559% 


Eagles, C.F. and P.F. Wareing. 1964. The role of growth 
Substances in the regulation of bud dormancy. Physiol. 
Plante | IweGIi5 709% 


Eliasson, L. 1961. The influence of growth substances on the 
formation of shoots from aspen roots. Physiol. Plant. 
$A 1505056. 


Eliasson, L. 1969. Growth regulators in Populus tremula. L. 
Dirstrrbucion of auxineandsqrowth inhibitors. Physiol, 
Plantier 225 )268-41 3008): 


Eliasson, L. 1971a. Growth regulators in Populus tremula 
hil. ‘\Variatyvon sof auxinaandsinhibrrormsevel ine roots ain 
relation to, rootrsucker formation. Physaol. Plant. 

252 ioe 1s 


Eliasson, L. 1971b. Growth regulators in Populus tremula. 
IV. Apical dominance and suckering in young plants. 
PhYSlO) se lantieco. OS ec us. 


Bliassonseu. 497226 8ranslocation ‘of shootcapplied 
indoleacetic acid into the roots of Populus tremula. 


. , ne 
‘i +) Ae re te 45 " 
tary, Ve Tae Sh a Le “a ; 
ot) are my 1S ‘pa va mY ‘ LMG nite a heh hat a 
ciel hier saline en 
ere ¢ Mie ee rs ie ay ik “ia a re. y : 
ee 
Bins (Tet ale alt ann mee Ae 
" aay i 


ro 1 meet ine PSHE AL sae 
‘ae ee Gord. | ai ‘Seolnn ds se: 
eed so a. oe ey ¢ Ta mith 


7 


Siicttild: afi! akon at ere i. ake - Bi 
sy a ea Wied. G hi Sy Aes ous ‘ 
2 eet Se aaie are x alias a 


ee ary ry ted) Fy 


| per: ut 
ee ee Le ee 
THAT) alike BORG E es SMI a? oe so 


oe ae te . 


= 


ELM eit tbay ae PN ee aa 
pee es a F hgedstetoas sakt tub aan 
: ' war~e cael «es 


te ; ay ry ia meee! Lae. atl + bee a att 
74 his a 4 ta D thet on P| t; ae 9a re Hae tone a : 
| BET cele 


. ae epee 
aay Petes eink ay saword ha a ’ | 
pie aid Ra Ace dno fd —e 14 mod duds poe ae 7 
ay i OGS “Bas 1 FS) A! ae 

yy ie 
{ yeu 


ys ? Viele A mvs 4 Pare) os . su , i hos agnor ’ al cue ia 
SERS ie ee yikue 22 eres hr het 
a ey 3! r ? 7 tyes ited p 


O%, Moles Joss od Hale 


SA Ue ih MPL AS Elvis Bi ne 
» gil edie ve lei 


‘ 
¥ 


ind eer ny 
BY, cael i 


& 


a al 


140 
Phys tow. Plant. 927 9412-4467 


Eliasson, L. and V. Hallmen. 1973. Translocation and 
metabolism of picloram and 2,4-D in Populus tremula. 
Physio. Plantinecsslio2-187s 


Bllisjsed SEs ed CA. Wrens, “Cir. -Rodelie and weGs gAnways 1976. A 
conceptual model of diet selection as an ecosystem 
process. J. Theor. Biol. 60:9 


Farmer, R.E. 1962. Aspen root sucker formation and apical 
dominance. fOr... sci. &s403-4090, 


Farmer, R.E. 1963. Effect of light intensity on growth of 
Populus tremuloides cuttings under two temperature 
regimes. Ecology 44:409-411. 


Feldman, L.J. 1975. Cytokinins and quiescent center activity 
in roots of Zea. In The development and function of 
roots. (J Go Torrey “and D.T Clarkson; eds.) “Acad. Press, 
NewevVork2D..55-/ 2), 


Borsytn,-.ewtand Jt) VaneSvadensepobd .vihetet feeuctoberoot 
decapitation on lateral root formation and cytokinin 
production in Pisum sabivon. Eby stole rant. (51379-3779. 


Friesen HiAs, (Me Adston, “WEG TeCorns, “I9L7oDObD ‘anda 
Johnston. 1965. Brush control in western Canada. Can. 
Dep. Agric. Publ. 1240 26p. 


Fullinwider, F. A. 1976. Colorado steers and aspen bark. In 
Utilization and marketing as tools for aspen management 
in the Rocky Mountains. Proc. of the symposium, Fort 
Coliins , 1GOLOvadG.- tsp a Ome 


Gammon, D. M. 1978. Patterns of defoliation during 
continuous and rotational grazing of rangeland by 
Gattle. Proc. tsttint avRangeland -Congm. GDenver, 
Golorado / kp wro0s2606" 


Gesshe, R.H. and P.D. Walton. 1981. Grazing animal 
preferences for cultivated forages in Canada. J. Range 
Manage. 34:42-45. 


nT 


festa) bi sah} samen a Ber ah 


; Hy iy A 
hel Si 
ie 
se" . 
ey 
art 
be } aes 
POF 
ven 
7 
toe x 


ae wet set aah bie ia He 
amanyab ee si baie nity a ¥ 


ois no wrest ~/Algk hake dautis ne. ” 
Ree ee 
{Tee eae (pale segimtt 


Bg. & 


Oe hk Bi airs a Pa We 


q Hes a \ 


ee 


. i" ‘> 
hes pty, Une tof tem BQH BS Dad ae | (ae 
si see bes po cee ged Se Oe i to Dwi 
os, | s yo Pew oe oY ewe wath” 4 we 2 eye sa As 
| a & ee 7 


4 : ee = 
orl wy f a] re 


aes cee) us J newe4® “ee a& bisa ia ft oY . 
‘avn cline si Ze one: iw oo Ley Sai : 
hat? . faineary Ahi da, aay “ut yey a noid Subes es 


on: Aon. i 30bA . ehae ae ones (piled Rt 

‘Piva Ayegaew wl ive CONE See 
Sok 2000). i: 4 ee ao 

a LJ i 


Ose ata ete sopceion .sVel .Ara ee ae 
» feues wok: eee. wee palty “irom Bae ool saeteta a 
wl iseqwva add to) SON, . ool arnvow vaaem 

pie ee”) vty pseoem a ‘ang 609 


gt 


pu 4 rane 4} ean presteet .aTe) Ae 

WAGLéea ion by Pyesanys aa oats he Se 

POMEL ww TE YS sta gal 
oe ‘S007 E03 3: 


“ oe 


! 


faerie bs f 
sabe A ca ae 
hae a 


/ f 
- ; 7 ae | 
no 


141 


Graham, S.A., R.P. Harrison and E.W. Casey, 1963. Aspens; 
pheonix trees of the Great Lakes Region. Univ. Mich. 
Press, Ann Arbor. 272 p. 


Gruell, G.E. and L.L. Loope. 1974. Relationships among 
aspen, fire and ungulate browsing in Jackson Hole, 
Wyoming. USDA Bor. tServ. interme. Reg. zvyand US =.Dep. 
Enterror; Nat. MParnkeServ), Rocky Mus SReqs, 433 p. 


Hardy, W.G. 1970. Alberta: a natural history. Mismat Corp. 
343p. 


Harrison, M.A. and P.F. Saunders. 1975. The abscisic acid 
eontent-ofsadopmantebirch buds syPlanta 123: 29)1-298:. 


Heady, H.F. 1964. Palatability of herbage and animal 
preference. J. Range Manage. 17:76-82. 


Hilton, J.E. and A.W. Bailey. 1972. Cattle use of a sprayed 
aspen parkland range. J. Range Manage. 25:257-260. 


Hilton, J.E. and A.W. Bailey. 1974. Forage production and 
utilization in a sprayed aspen forest in Alberta. J. 
Range wManage. 27 33 /52500" 


Holmes M.G. and) Ha Smath.. 19/5.°The function, of phytochrome 
in plants growing in the natural environment. Nature 
PRS ey Pa SN Be 


Jensen, C.H. and A.W. Scotter. 1977. A comparison of 
twig-length and browsed-twig methods of determining 
browse utilization. J. Range Manage. 30:64-67. 


Johnston, A. and S. Smoliak. 1968. Reclaiming brushland in 
southwestern Alberta. J. Range Manage. 21:404-406. 


Jones, J.R. 1975. Regeneration on an aspen clearcut in 
AEUZONayRUSDA, HOG. Serv. Res. Nore RM=Z654 8° p. 


Kayll, A.J. 1974. Use of fire in land management. In Fire 
and Ecosystems. T.T. Kozlowski and C.BE./Ahlgren, eds. 
Academic Press, New York. p. 483-511. 


sopra settnt, esata: teh 


; ne rye 
Of RLS qe she ae 
Yes ECR ees | Ae 


hefhe ee (G8 -qQulied 0 ees er 


ys bay 7 si ue hye ‘ aves iN athe aw y/ ew e 3 


eh 7 Ssh thes yA as RE $A dOS WA BM wD ' 
rare | 
or ot ae ‘pp a 


re hr 3 Paap vi ‘\heuil 
\ § ¥ 


a = Le “AR + Sretrsop ent 
abs arn ee 


i Qe! te i): Tu +t hem ’ 4 bog eukine 


phere ne Lwtw2 st ive bc piso eonaig here 
. 3 Srec1oekeee 
: af - f u 


-t a> Ne ‘ 
He viel iy Y ‘ : 


=) 4 . ne *) ae 


cal wer aaee seen 


‘2: 902 ‘eae, tere vee Of Gote aah 
rien oe . SP hriaM Raha 


sah ryt). OTE? rer mit : bint Dee! 
is Fae 


pfs "hoe bis shone ind ote dseast-o hire 
paid cia heer ¥, sinh ate oR eG 


Sopetape. Brac Rus ik Fee . 2. tea 
ae at sh were Ls lat 


Hae i ane’ 


ele 


142 


Keller, W., A.T. Bleak and A.A. Hanson. 1970. Preplanting 
seed treatment may reduce failures in range seeding. 
Proc. 11th. Int. Grassld. Congr. Surfers Paradise, pp 
ipkO =i os 


Kelly, R.D. and B.H. Walker. 1976. The effects of different 
forms of land use on the ecology of a semiarid region in 
south-eastern Rhodesia. J. Ecol. 64:553-576. 


KenagrnickjeReE. and Cs0.P.eSprupre. 71977 -,Phototransformations 
of phytochrome. Photochem. Photobiol. 26:201-214. 


Koerper, G.R. and C.J. Richardson. 1980. Biomass and net 
annual primary production regressions for Populus 
grandidentata on three sites in northern lower Michigan. 
Gant sJnehor, Resees0: 92-101. 


Kozlowski, T.?T. sandatT. (Keller. 71966." Food*relations in woody 
plants. ebOLmEReNs. S2°Z293550 28 


Kranz) cd. sancdeRsb. Ginger. $1973. Valuervof «Black “Hills 
forest communities to deer and cattle. J. Range Manage. 
ZOe203>705. 


Krebill, R.G. 1972. Mortality of aspen on the Gros Ventre 
elk winter range. USDA For. Serv. Res. Pap. INT-129. 
iGp. 


Larsone eb. Ree anonR wees DIicKksone s97SeeDistribution: of 
imported '*C in developing leaves of eastern cottonwood 
according oO wonyllotaxy. elanta tit: 95— 12. 


Laycock, WoAD, He suchenanvand W.C.\ Krueger. 1972. Three 
methods of determining diet utilization and trampling 
damage in sheep ranges. J. Range Manage. 25:352-356. 


Larson,  PeR.@andwi.C. “Gordons 1969. Leatydevelopment and ‘*C 
distribution in Populus deltoides seedlings. Am. J. Bot. 
56: 1056=66 


Lester, D.T. 1963. Variations in sex expression in Populus 
tremuloides Michx. Silvae Genetica 12:141-151. 


| oe i 


a 


ket! ican a tore) nail ea Re 


SA ala) : ah + FERN 


‘iG 


- 


bal OY) Ni saab ee IgG 
hee el RR OW eY |. TREE No ae 7 re 
Voreaen 


Dat Oia Bee tts > aa Sei noite MOR: 


ting 


’ | i Oe ‘ 
(bao 6) aeeteee ad 8Eeh UCR OC = oe 4 one ain ‘ vel wk: 
: ‘ » H tae” aes i svntl igeh: — 


Fae 


i® 
. 
- 
- 
a 


ae 


| i 
af fad ifente Wo adie Peet OM 5 it yas. ata ; 
cghee.acvign Oo .ehgday. Pag ssp ee ties tc. Prod -3: 
r ‘ "i -8aired 


: * 


é tit | pty ates 7b “90 tay eM be S81? eee idee 
| 3 st yted 295% AGB eee retried ry 


— 


POOL PIO. he) 


oe 
— 


aetna “Ave: ‘9 bmi’ A bate faecetiotl 4 
enhticsaasd San notsediisay: geek px inseiesas 


ebreaesl?: -epdnke BOKER 5% |p PGR seins md 


“. Dia Has fev we lagt- . 2347) Bae awl 
eet 2. eel ean rai SOLON GR, acne ki 


. se it ol opledeigze met a4 
page A SPRY ‘ituse gees oe 


143 


Buvtle, GE obs V9/tyeAtlas of*UnitedtStates®@trees. 1VolL Ver 
Conifers and important hardwoods. USDA For. Serv. Misc. 
Publ. sNo oot t2 6% 


Looman, J. and K.F. Best. 1979. Budd's flora of the Canadian 
prairies. Research Branch, Agriculture Canada. Publ. 
$662, "863 ps 


Love, R.M. 1944. Preliminary trials on the effect of 
management on the establishment of perennial grasses and 
legumes at Davis, California. J. Am. Soc. Agron. 

SO 7699>7.03% 


Maini, J.S. 1960. Invasion of grassland by Populus 
tremuloides in the Northern Great Plains. Ph.D.Thesis. 
UNiVG soaSk. canada. 231 =p. 


Maini, J.S. 1966. Apical growth of Populus spp. II. Relative 
growth protential of apical and lateral buds. Can. 
JeBote 4415011590". 


Maini, J.S. 1968a. Landscape and climate of Canada. In 
GrowEh®and Utilization of poplars in Canada Dept. J.S. 
Maini and J.H. Cayford, eds. Forest and Rural Div., 
Eorest BranchsbDepy Publ? pee leto. 


Maini, J.S. 1968b. Silvics and ecology of Populus in Canada. 
In Growth and utilization of poplars in Canada Dept. 
Jase Marnieandwd .HeCayfordAseedsa«Forest and Rural Div.., 
FOLeSt pranchr Depo a ruDiew DaaU 400, 


Mains, 1025S. tol 2. oulLvics: and, ecology in Canada. In Aspen 
symposium, Colle hou.sUniv, Minnesota.) USDA Bor. Serv. 
Tech. i RSD. NC mile De O ao. 


Maini, J.S. and K.W. Horton. 1966. Vegetative propogation of 
Populus sp. Influence of temperature on formation and 
initial égrowth or Saspen -suckers. Can. “J. ;Bot: 

44 91183-1189. 


McDonough, W.T. 1979. Quaking aspen - seed germination and 
early seedling growth. USDA For. Serv. Res. Paper 
INTS=234. 136% 


‘| Na aren pity cub 
Te a ee oe 
yO, ROE TRA ORM 


aS 


A¢ » ‘ LA : | 
oo inure: rating tei inant pe. td i 
ae hae. sti nat) 1A BR een 


wee 


poy. . ae ¢ Te ee 2 LS * 8) PY. ed ie oe per :vaeet tbe ‘a ate 
are Lovee dls 294. Shee € eases dint 
| | ot ufes eG 


why vache! op Seite he yp acebons’ alee te pig 
roan RA. eA wk Sd faarione ty ab raya Bf Say ‘heten!) HS 

| wet .a0e ,0vo tenn 180 ba6 o 
et.7t Ge » iv ee (AronF saeted7 


priate sé Asta > 21394 LiW @&2ey Lic qhael) ea inhale 
| ee: ahaa ae vt al OM be paor de Me | baie Aswoem: ats see 

wi Divn*seeer 8 peas? ,wbe- . Die ao. N.b- Bae ivoenm aaa) 

ceo ) ~~ n..¢jed inate lle ae 

‘ : a mt) - 

vee tl. een | weelese Sae@ @oivild' vs Te eee Pie 

“ar .to§ 400 . co cuneate Lwin 4 sot Sole a koe 2 

oa. g 44 3 ee 


ve 
hos 


Agen el wap? 28GQl hwarsolil 4.2 ~ ear 


Sere 010.0 Been | rant tanh se 2b etoul URE eis np by 
nbee. i nig Bk, ante ik etre ep tets a 
; Prthecs 
Ute AAI OiNise Bese “omega SORA AUD CTR. 
1G etl ivan (tet Adal. Asvow@ git 
i J 7 - m: ea 
- 
| a ; ; . 
7 Ay r ‘ 
io ee Li ‘\ 
re ato MNS aie Li oe 8 


144 


McWilliam, J.R. and P.M. Dowling. 1970. Factors influencing 
the germination and establishment of pasture seed on the 
soil surface. Proc. 11th Int. Grassld. Congr. Surfers | 
Paradise, pp 578-583. 


Mohr, H. 1974. The role of phytochrome in controlling enzyme 
levels in plants. In Biochemistry of cell 
differentiation. od gPaul sted vy p.3s7-8 1. 


Mothes, K. and L. Englebrecht. 1961. Kinetin-induced 
directed transport of substances in excised leaves in 
thevdarkvaiPhytochems 1:58-62. 


Moore, T.C. 1979. Biochemistry and Physiology of Plant 
Hormones. Springer-Verlag, New York. 264 p. 


Moss, E.H. 1932. The vegetation of Alberta. 4. The poplar 
association and related vegetation of central Alberta. 
UeRBcol a2 o80e 45. 


Moss, E.H. 1938. Longevity of seed and establishment of 
seedlings in species of Populus. Bot. Gaz. 99:529-542, 


Moss, E.H. 1944. The prairie and associated vegetation of 
southwesterm AlbertarrCansed., Resse? 2220s. 


Moss, E.H. 1953. Forest communities in north western 
AVDeCELamm Cal wun bGOb. Wo lhe Zine2 52. 


Moss, E.H. 1955. The vegetation of Alberta. Bot. Rev. 
2d 9S Sous 


Mossiab.H.2195920F lorakobrAlbenta. Univ.aToronto Press: 
546p. 


Moss, E.H. and J.A. Campbell. 1947. The fescue grasslands of 
Aiberta,, Cana anes wdc. "202209220 


Mueggler, W.F. and D.L. Bartos. 1977. Grindstone Flat and 
Big Flat exclosures - a 41 year record of changes in 
clearcut aspen communities. USDA For. Serv. Res. Paper 
intsiao. 


te trated ‘seatia ae 
fix waey Rin aA wi aeot 


POLY. hie Spar CN, 
A 


antag Gi Ge) Kasih LA, 20% Saget eae ee arnt a 
ee att a ded SET? reac re beat Iai 
: ‘a iy} Tia Beet om | ae 


A 


jy resp tating be, CT wee: Seow ct RT: rer 2 rin 
Tote wen, eee So io vical 35 slang me ‘net Eine i a 
¢ Tou A, hae ba, 0 i 
- ok * Li. 
} ine Settee a, RAM mys ates beet te 
: \ a | aad a hag ial kip Oo. rie saee aa “hr 
* - aL me 
: Ocry 


tah pect: hed ese OL) Mine Mua | ee Rae! bene HeS ae 
CEOS Celik. Pe. Go ea , ao taOhs = 


ait . aaa gs: na kas vps of? .BGRT ahs red 
Shen 
se be ue 7. 


er: Caner wee Oe anes 40. neok% OReF dial 


0. alter Qi eal re ne we aa 
| ithe a a) 
. af a 4 
r | iA eal a 2, 


bus bra ua neath 4 pac biti ee 


coh meatus atts na 


natant a , i 


145 


Nelson; #EcAe andekRen. —DicksonyalGSOgvAccumUlation of itood 
reserves in cottonwood stems during dormancy induction. 
Cans ws hOme Ress tls (451545 


Nelson, J.G. and R.E. England. 1971. Some comments on the 
causes and effects of fire in the northern grasslands 
area of Canada and the nearby United States. ca. 
1450-7900). Gane Geogr ¢ #1 552952506. 


Nelson, J.R., A.M. Wilson, and C.J. Goebel. 1970. Factors 
influencing broadcast seeding in bunchgrass range. J. 
Range manage. 23:163-170. 


Neter, J. and W. Wasserman. 1974. Applied Linear Statistical 
Models. Richard and Irwin Inc. Illinois. 841p. 


Parker, G.R. and L.D. Morton. 1978. The estimation of winter 
forage and its use by moose on clearcuts in north 
central Newfoundland. J. Range Manage. 31:300-304. 


Patton, Dero and @ ek. Jones.) 1977. sManagingeaspen. tor 
wildlife in the southwest. USDA For. Serv. Gen. Tech. 
REDwGkMas 15 


Peet, M.M. and P.T. Kramer. 1980. Effects of decreasing 
source/sink ratio in soybeans on photosynthesis, 
photorespiration, transpiration and yield. Plant, Cell 
and Environment 3:201-206. 


Penner, D.F. 1978. Some relationships between moose and 
willow in the Fort Providence, N.W.T. area. M.Sc. 
TheSsuec sUnby . COLMArberta ~MEGMOnEON 2 e133 ap: 


Perala, D.A. 1972. Regeneration: biotic and silviculture 
factors. IN Aspen symposium proceedings. North Cent. 
Foropexps Stn .)Ste Baul »(Minn, AUSDAlRowuiSer, GenwrTech. 
Reps NGadiatoegceicis 


Perala, D.A. 1973. Stand equations for esStimating aerial 
biomass, net productivity and stem survival of young 
aspen suckers on good sites. Can. J. For. Res. 

SUA OT Sts aie Pa 


Perala, D.A. 1974. Prescribed burning in an aspen-mixed 


ial ak A og ie oe * ae ve i, 5 i i a ‘ 
ae aD, he rey , ean on bia pr eho ip aay \s 
RM i) eae ects ain att: | a oe Te #2b . ost hae 


a 

or en 
rm. 

ae 

7 may 


Pate reed Nw i ai al abt pahet soe bitaty 
Cees i aee i hwy n a 


ae 


v 


ey 
ih eRe Ry RR Sse cag si DEN. gti meee 5 O aia bre 89 yr 
Chea mee ES ER BAP Age eR eth seme ae pared) )| 


. whe Stale BE fh) eee 


Pe eee ee eee " 8.0, neg 
AO RAID Ve eS AE Sey Sa ye t id eet 7 


a 


tH aTS ; r ee aoe she U8 TA | Baa . i a ar 
Pras Cobh ie 2k Tee ee Se ie hae | he 

O Live? S20. tag nie pals | cok Sa | 

' EROS 2 F inane ted, Beas 


) giana Sepa iaae anaete aoe pp yan O06) EYEE 40. ee, 
Hide. oid eR! pone Evo irae? envi sett 
? at at « Cig ited . Wa “Yad TA, 10 one ines ie A}, 


* 


~ 
yy al > 


4 at ‘ 

ee ee aie TRigaey 2 Me seserscok, ATR vA Gi | 

0) Ue ie ee feeb | éhognrys nates oh pe 
agi! > A, ae et at PI a ANE wt wie ye 

a: | . | " eek ¢g om a Pate 


ow 


Lai inh bre 4 hn er i 
whey bce aan 
oe mit a nt ¥ ms ee 
; J 7 F 


146 


hardwood torests Can. J. For. (Res.222227228. 


Perala, D.A. 1979. Regeneration and productivity of aspen 
grown on repeated short rotations. USDA For. Serv. Res. 
Paper -N€=19764 3/p; 


Peterson, R.L. 1975. The initiation and development of root 
buds. In The development and function of roots. J.G. 
Torrey and D.T. Clarkson, eds. Acad. Press, New York. p. 
125-1631" 


Ph wis, . feeds tO eeMiners fandd.G, iRoddick. 1980. Effects 
of light and photoperiodic conditions on abscisic acid 
in leaves and roots of Acer pseudoplatanus L. Planta 
1293 (Ort 22s, 


Piet, Pees nandeMeCes blliott. 1984) Some aspects of, the 
control of root growth and georeaction: The involvement. 
ofFindoreacericmacid and@abscirsie, acid. Plant Physiol. 
C/O 4a = 050% 


Pringlegew.o.,—C.k eh ivottrand. J2b.7Dobb.) 973" Aspen 
regrowth in pastures of the Peace River Region. J. Range 
Manage. 26:260-262. 


Raguse, C.A. and D. Smith. 1965. Carbohydrate content in 
alfalfa herbage as influenced by methods of drying. 
Agric. and FoodsChem.. (13 5306-309. 


Railton, 12D. Candi Prkeewareing. + 197s." bi fects*ot “daylength 
on endogenous gibberellins in leaves of Solanum 
andigena. I. Changes in levels of free acidic 
gibberellin-like substances. Physiol. Plant. 28:88-94., 


Richardson, S.D. 1956. Studies on root growth in Acer 
saccharinum L. IV: The effect of differential shoot and 
root temperatures. Proc. K. Ned. Akad. Wet. 59:428-438. 


Rowe, J.S. 1959. Forest Regions of Canada. Canada Dept. of 
Northern Affairs and Natural Resources, Forestry Branch 
BULlLetain’ 123% 


Rosiere, R.BW,°R.Foepeckiiand JD. Wallacerw1975a. Cattle 
diets on semidesert grassland: botanical composition. J. 


(tate 


Gawd Oeas,, ees ahi: | 
Re : a) abe ib st ae Ms) ae a pbs be ‘ ; 

1 melt SAD. al a ia dint Sh a 
‘ bs ik ih : 


| ei ernneens: wid -y Spite wae dys 
PA et ‘RMA aks CEN se age tps 
ope) WEE hae) hek be OS isa teh eae 


“I 
7 . 


a ia 


binyehe es, MY ow | Pa soe Se Rat bie ait ¥ +i ee 
: pean Li ie j i aa aay wt Th A ORR we) a Wr iy ne 7 
‘Sak? tess s eer a 


bib ea AP ire hee Sit.) aan Lely Si & bane. Aas : 

i <eMeha ed Boarge _ a8 soaciod often 

Cie pit et YY Reed, tas SATs 

hase sy Ms 72. ho rd ae i et . aha twa ed! Selw » faa t i ei 
Nar taltivh “Ua REA, hid wehsleiedsi 9 olomeg oma te a 


Rigs Sade eles a ReBRsAD 47 
OBO Re Ghee Te AP mcteepidva pali-wt thea 


vats roi ERS Be yee age! .Qeaeg 
Wie! Deb Leys bigs te ah eV») Ae 


picks Oe 1.3570 } naka fash | yen 2990 ae 


Vee ee 
wir md 


Shae e4 Teret 04 - 


> thas wane 
ae olst itd som ap athe 4 


147 
Range Manage. 28:89-93. 


Rosiere <1RLE. };edeD Wallace andyRabemBbéck.. 1975biyCattie 
diets on semidesert grassland: nutritive content. J. 
Range Manage. 28:94-96. 


Rutherford, M.C. 1979. Plant-based techniques for 
determining available browse. Bot. Rev. 45:203-228. 


Sampson, A.W. 1919. Effect of grazing upon aspen 
VEDEOGUcTIOn.. USDA, Bubletin No.7 4c Z9p. 


Scheffler, E.J. 1976. Aspen vegetation in a portion of the 
east central Alberta parklands. M.Sc. Thesis. Univ. of 
Alberta, 160p. 


Schier, G.A. 1972. Apical dominance in multishoot cultures 
PrOnmpaspenmeloocou hon. sSel. 10nd 7-197 


Schier, G.A. 1973a Effects of gibberellic acid and an 
inhibitor of gibberellin action on suckering from aspen 
roomjcuteingsraGan. (User ortwRes: 23539544.. 


Schier, G.A. 1973b. Origin and development of aspen root 
SsuckersmiCan. slgmbOrsekhesmrst4o-=63% 


Schiver, Gene 0) ScomurtlecteOtmrabscisic acid. one sucker 
development and callus formation on excised roots of 
Populus tremuloides. Physiol. Plant. 28:143-145. 


Schier, G.A. 1973d. Seasonal variation in sucker production 
from excised roots of Populus tremuloides and the role 
of endogenous auxin. Can. J. For. Res.3:459-461. 


Schier, G.A. 1974. Vegetative propogation of aspen: clonal 
variation in suckering from root cuttings and in rooting 
ofesuckerdcuttiungsemcan. U2ihor. mReaee+: 5655567 


Schier, G.A. 1976. Physiological and environmental factors 
controlling vegetative regeneration of aspen. In 
Utilization and marketing as tools for aspen management 
in the Rocky Mountains. Proc. Symp. USDA For. Serv. Gen. 
Tech «RED. RMeco ww Rocky Mtn, vFOmmmand,Ronge Exp. Stn. 


Bin 
os A 


an, 
7 ik 


ac, @ ie 


va oe ” =a 


mah) Ah Rae emt tetel ‘steps 
DN) La. AR fC) Se BER ye 


ine sekhy :oduy htichond te ange AE ae ae Ob ae 

u 1344 pass PA Bas aye Puen it M: ype gh 

’ res * cx Ss, * 5h: e ays ae : hires ment jaiea. ie o) 
ma a 


r <1 | ‘ 


ar: % sit Spimg,  A eMD | OVE 16 sala 
OLiVIe Hay, “% OND ATMs ck 


sovgue 32 niet apstada te sae iS eM i ee i 
S4iaee: Pakeo tek My, seizuero? goline bre sagegeler 
i keae Ree (it |: 2aD1O Lianne sales f 

| “api my ia 

hrebe aude aes anes * ne (Ae gee Taunenbl SEC) thts ae 
i bie: Witvheyeihs, RIA Zo) Btoos Bee rome aon 


Fy ale Pep ti “e ei iy ne Wms Bie 


SRO LS). 4 wie wid ; GO. ene eet Feet a, 
or esran Ol ee. wouetous BGTKE gion ag al t@b: 


eit ieees eh» 4 wmorisies cpa 


oe iva 


wh 
Weaie ied rae ee ea 
eo atin wy” pod ei i 
somes ete Weds. 30? 


o ae oats bd Ps q7 alas se vn 


7 c . ; bi ty i i 
ie - : oi aod ©): ae 


148 
Bort §Collins,mcoLlo cap. 1202237. 


Schier, G.A. 1978. Vegetative propogation of Rocky Mountain 
aspen. USDA Wor. Serv. Gen. Tech. Rep. INT-44%, “3p. 


Schier, G.A. 1979. Root suckering in young aspen, girdled, 
defoliation and decapitated at various seasons. Proc., 
Fi feheNouehn AneylOGweb iol eaworkShop. upemcooazong C.A 
Hollis and A.E. Squillace, eds. Univ. Fla. Gainesville, 
and USDA ’For. Serv. 


Senier,AGoAs and R.S.sJohnstonar1ovin iGhonal rvariation in 
total nonstructural carbohydrates of trembling aspen 
roovsurnethrecsltahrareas ssCaneme. hon. Res ril:252-255". 


Sehver, G.A. and Smith, A.D; 1979. Sucker regeneration ina 
Utah aspen clone after clearcutting, partial cutting, 
Scarification, and girdling. USDA For Serv. Res. Note 
INT S259 e060: 


Scher, oGeA. and. deC.) Zasada.19/3 5 Rolemotyocanbonydrate 
reserves in the development of root suckers in Populus 
tremuloides. Can. J. For. Res.3:243-250. 


Sehnelder,. MJ.) and Wek Stimson. 'o71.1 Contributions: of 
photosynthesis and phytochrome to the formation of 
anthocyanin in turnip seedlings. Plant Physiol. 
BOagh2-S1 Ds 


Schuster, J.L. 1965. Estimating browse from twig and stem 
measurements. J. Range Manage. 18:220-222. 


Seth, A.K. and P.F. Wareing. 1967. Hormone-directed 
transport of metabolites and its possible role in plant 
senescence < J., Bxp., Bot.1o*.65-77. 


Shafer, E.L. 1963. The twig-count method for measuring 
hardwood deer browse. J. Wildl. Manage. 27:428-437. 


Shar?ri;icR.vand Wate, go.27 .1980a.. Growth regulating 
substances and the growth of tiller buds in barley; 
effect 10f scVLOKUminS si. UXD. ~DOtwmo oe 19304 


| 7 
Eo ND a8 Paes del Lees Pe | 
wire een 1 ree qj va ee ‘ 
mye hae PTS pea 38 ata eS si wu bitte sen 
<7, Ti) Rae eae a bad, ee 


| 40 ‘of Ra 
5 WwW iis: y -) ALOOke a’ Da el as gt ye oP s wit ; awl bine a i tat: 


DESI Eee | Pek: twist Leath sie Psi 
280M ham ovina Sky PERL me Rea a ae 
+ A ea " i rien: j ‘ a 


gw De hot 5 fe p~ ey eee me @ ’ Ba saad, ate hed Py | Ja, te . 
ale! ee, Paes aaa a TMs A iteins OW aD, a vik aaa 
Abe eA ee deat aia ee | 


o pr abies dime ort pete ee aes es 
Po. no bec Sa. a oe ae biifighy ile) dine 4043 eee, it i 
nae “sob to. tod ae ghd a en eer 

eee ote aee 


¥ A 


Breetig a lhe. ; j ; ee? Tee aaa . ore ashy te? oh 
| Ai? oie et ab | &. paiie 


i am 7 ieee ra ee ar ae Lie | by nm? Pe. \ 
LAG Vo Pi { ay) 7 ay a aa Pete 98 a2 ere 
. “ts Bich iy) 7 


As ATi hae m oe deed ah 
‘ hance 7 i SO nae al 


Bae tas 
Dy iy Va 
; ac erie 


vs ian i » ated 


149 


ShariiyuRe and JsEs Dale. 1980b2 Growth regulating 
Substances and the growth of tiller buds in barley; effects 
Orr LAA ands GAw oe eux.) BOUT. soil salalomenel 3, 


Sheldon, W. 1980. Goats don't stop woody weeds. Rural 
ReSGanch ING cou lieh.O., .)0Gcs/an0y 


Silen, R.R. and E.J. Dimock. 1978. Modelling feeding 
preferences by hare and deer among Douglas-fir 
genotypes. For. Sci. 24:57-64. 


Skene, K.G.M. 1975. Cytokinin production by roots as a 
factorvin thesconurolioft plant«qrowth.ein. The 
develeopmentaragrunction of roots, J.G. Torrey and D.T. 
Clarkson, [eds 1p2e365-390) "Acad=ePress,'»sNew York. 


Smith, Asbo. Pode bucas, LCnO eoBakervanadt Gwe Scotterne1g7y2. 
The effects of deer and domestic livestock on aspen 
regeneration in Utah. Utah Div. of Woldlife Resources 
PublesaNOwi2 so 2p. 


Smith, D. 1969. Removing and analyzing total nonstructural 
carbohydrates from plant tissue. Res. Rep. 41. Res. Div. 
CollpeAGIacerand Dbifesociv es Univ. WiEseconsiin. yiloe 


Steele, sRsGeD.. and J.H. Torrie. (1980. Principles and 
Procedures of Statistics. 2nd Ed. McGraw-Hill, New York. 
G3 3D. 


Steneker, G.A. 1974. Factors affecting suckering of 
trembling aspen. HOm!seGhron. 950:32+34. 


Stoeckeler, J.H. and J.W. Macon. 1956. Regeneration of aspen 
CIILOVER areas unmnOReNeEn Wl SCONSINAINU w HO. 54 tomo. 


Telfer) “BoS Stand Al Cairns.) 1978. Stem breakage yby!moosef «ld. 
Wildl. Manage. 42:639-642. 


Tew, R.K. 1970. Root carbohydrate reserves in vegetative 
Peproducti on vofvaspen. For viSci mies io2220. 


Thomas, TeHs, (PUB. Wareing and -PiM.cRobmmson. 1965S .°Action 
of the sycamore "Dormin" as a gibberellin antagonist. 


ae ll 


U 


) fi rh) yy ty tay we i ey ‘a ban 
1} jt y i ' Riis in mek aq boon oie s " ; 
ea ae ee Peat 


' ‘hat “ew cab hd oi 


A a ee yest othe hig OI TS ae 
oe i, ee ee Ait € bhig.oieahy = = atowt let 
shin ugh babes aay Glebt! AG Say ee pee 
gta? brie OM | 


atari chet. 2 es athe eae Lia hone jets | 
oie (Che Oo 1 wiaedty fh tee ee wesh bait 
1 f : i ee as af i gine , TEA 


ay eC eS "ahd? “nba ase hing ‘.ecell 
beh ce 7 ‘pti tavtadct 39 seaeee 
| Che ae 


ime 
= 


pe, th need bh iiacone . bUCt) law 
; 4°20. OS ) cord Sie?) cogeergmas 


; Vo : oe 
Ss rh i, es 


gay > oneeraepee. COR) »onmet (41> Hea Vee valensagaele | 


4 
er CY RE ore) \ teense Kant tee ek THOTT), a 


pQaeoM’ Val romiow a nae OTe: annus * Ae a 9 


rv | = 1/5 gl PRPS: BM 


967609 R 1k Ge eee 
ORE wiht erat aby 


| aoe eat nomad 
iP." Ja popatae Woatan 


T50 
Nature, 2052 1200-72; 


Thorpe, T.A. and T. Murashige. 1970. Some histochemical 
changes underlying shoot initiation in tobacco callus 
Guieuress \CanvedwbOt. 46: 2iia2co., 


Trlica, M.J., M. Buwail and J.W. Menke. 1977. Effects of rest 
following defoliations on the recovery of several range 
Species. J. Range Manage. 30:21-27. 


Van Niekerk, J.P., F.V. Bester and H.P. Lombard. 1978. 
Control of brush encroachment by aerial herbicide 
spraying. Proc. ist Int. Rangeland Congr. Denver, 
Coloradowep mo 7065. 


Van Dyne, G.M. and H.F. Heady. 1965. Botanical composition 
of sheep and cattle diets on a mature animal range. 
Hilgardia 36:465-492. — 


Wall, R.E. 1971. Variation in decay in aspen stands as 
atfectedaby their clonal growthipattern.4Cany J, 7For; 
Res. 1:141-146. 


Wareing, P.F.. and P.P. Saunders.) 1971.) Hormones and 
dormancy, ‘Ann. Rev.; Plant «Physiol. 422:261-288. 


Weaver, J.E. and F.E. Clements. 1938. Plant Ecology. 2nd ed. 
McGraw Hill Book Co. 60 1p. 


Whysong, G.L. and A.W. Bailey. 1975. Production and nitrogen 
content of herbage in a silverberry (E/aeagnus 
commutata) community compared to adjacent grassland and 
forest. communities.) Can. s)4 Plant. Sci.mo5780-808. 


Willerd, Bbw i9/2essone tractors involvedvin activation. of 
sprouting in little rabbitbush and snowberry on summer 
range. Phi. De Thess Utah StatewUni vai Zou. 


Willard, E.EB. and €.M. McKell. 1978. Response of shrubs to 
Simulated browsing. J. Wildl. Manage. 42:515-519. 


Wolter, KLE.) 19687) Roctwand shoot (inyttarivon- in aspen. callus 
cultures. INature e719 2509-510. 


eden Te jap a Wea? biel 
pperes - LEI. Te Tre nea 
Terr a! 


| ea fe A bee 8 : } 
ys Lice py Ve eer oi hase tne oe é 
es ie. . 
. " 


of 7p. re > i Tet A: A 

Ti yee ish vole 208 heed ‘> Bases 
; : ; abhi Ne bl 

| iG 


. = 
= F 
A eaten 1 fais poudin 1.4 ono. 4.9 . ee 
i 7 ‘ 


1}. 3 £42 we 49 aah. PR aaa stv Ob, 


, .a%e? |. Gel igh .8 4. Oe a eee 
A \ Gi oO - al & ' HOU Pi 7c 
ts Oirei iy ; : oO,” aarcac {20 alee (the 
q 54i9, Ua. . be?) somo 


fad 


bh gen he sila : ead paehee? soot 49 sud 
ew & iieOr ge Cale SEs tees. 9 if Al @rkae 
ges viol guage @hatt..\ aiaort..d.ag 


2écy 403 b Tp 1D GGA Bh ‘ yt vi an he aM | 4 boas 
CAMP biae! een Bae ab) vpn ide sd 


togigg tagia of eoleessigl 
“aw 


1501 


Wonders, W.C. 1969. Atlas of Alberta. The Government of 
Alberta and the University of Alberta. Edmonton. 


Wright, H.A. 1970. Response of big sagebrush and three-tip 
Sagebrush to season of clipping. J. Range Manage. 
Zo v2 zee. 


Wright, S.T.C.'1975. Seasonal changes in the levels of free 
and bound abscisic acid in blackcurrant (Ribes nigrum) 


buds and beech (Fagus sylvatica) buds. J. Exp. Bot. 
26° (6 la/4 


Wyatt, F.A., J.D. Newton, W.E. Bowsen and W. Odynsky. 1944. 
Soil survey of Wainwright and Vermilion sheets. Univ. 
Alta. tBuUlLISeING. 42. sbamonton. 122 ap; 


Zanner, RR. and N,VeepeByle, 1965.) Etiect “cL pruning the 
parent root on growth of aspen suckers. Ecology 
£63) 323/05. 


Zzeevaart, J.A.D. 1977. Sites of abscisic acid synthesis and 
metabolism in Ricinus communis L. Plant Physiol. 
Susie egece (PS). 


zehngraff, P.J. 1946. Season of cutting affects aspen 
Sprouting -SUSDA, Por s,eSerunm ech. PNote wa 2o00eg tps 


Vey (0 Pe rn? 
ag 
an : 
Cran i 
i 
any 
in 
ne 
b 


7 


IX. APPENDICES 


A. The influence of aspect and slope 

Aspect and slope play an important part in plant 
community succession in the aspen parkland (Moss 1932, Bird 
1961, Scheffler 1976). Therefore, a description of the slope 
and aspects of the individual experimental paddocks is 
necessary to fully explain all botanical changes. 

Replication 1 "early" was a steep (45°) north-facing 
Slope and extended almost to the top of the slough. 

Replication 1 "late" had a northerly aspect but a much 
less marked slope, the lower portion of which was 
practically level, with a portion sloping gently eastward. 

Replications 2 and 3 almost encircled a slough which 
was elongated in a NNE/SSW direction. 

Replication 2 "early" was on the south-west edge, and 
faced north-east but had only a very gentle slope. Part of 
the paddock actually sloped gently towards the south-east. 

Replication 2 "late" was on the north-western side of 
the slope and had only a very gentle south-easterly slope. 

Replication 3 "early", on the north-eastern side of the 
slough, sloped fairly steeply towards the west. 

Replication 3 "late" on the south-eastern side of the 
slough, also sloped a little less steeply to the west. 

Analysis of overall yield data revealed some 
differences between experimental paddocks (Table 1). In 


1979, replication 2, which had the most southerly aspect, 
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Table 1. 


Grazing 
season Re 
EARLY 1 
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3 
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4370 a 
3477 0b 
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Means within columns followed 
Significantly different (P<0 


Table 2. Botanical composition 
forest, for three replications 
treatments determined from May 


Species 
Aspen 
Rose 
Snowberry 
Grasst 


Other spp. 


Grazing 
season 


Early 
Late 
Early 
Later: 
Early 
Dace 
Early 
Dare 
Early 
Late 
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1980 
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2005 
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August 


1980 
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3620 
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Total aerial biomass of regenerating forest, for 
3 replications of early- and late-grazed treatments 
on 5 sampling dates. 


July 
190) 
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4525 
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3714 
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** Rep.x Grazing season interaction significant (P<0.01). 


+ Includes alfalfa. 
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yielded significantly more dry matter than the other 
replications. The west-facing slope (replication 3) yielded 
less than the other replications. 

in@May = 1980hand Julyesosty thesivoqhest: dry matter yield 
was in replication 3 early and the lowest in replication 3 
late. Since these paddocks had similar aspects with only 
small differences in slope it is difficult to explain the 
variation without micro-climate data, especially soil 
moisture. 

Analysis of botanical composition data within species, 
collected during 1980 (Table 2) and in July 1981 (Table 3), 
revealed some replication X grazing treatment effects which 
highlight some of the effects of topography on plant 
community development. 

In 1980, the effect of topography had not developed to 
the extent later revealed in 1981. The only significant 
replication X treatment interaction was with snowberry and 
with "other species", 1.e., mainly willow, raspberry, and 
forbs. The snowberry interaction revealed a significantly 
lower yield on the north-facing slope of replication 1 early 
than in other paddocks. The "other species" interaction was 
a combination of a higher yield of willow on that same 
north-facing slope than elsewhere, and a higher contribution 
of raspberry on the west-facing slope of replication 3 late. 

These effects on willow (other woody) and raspberry 


were identified separately in the 1981 data (Table 3). 
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Table 3. Botanical composition (% by weight) of three 
replications (rep) of early and late grazing treatments 
invJuly#198 |7eforsspeciesswith!? significant repror 
rep X treatment effects. 


Std. 
Species  Rep.(R) Early Late Error R 
Aspen 1 42.6 a Os OIC 
Z De oe) AoC Se: * 
S $C. mD SUige 
Rose 1 4.0 b 20 Cacd 
2 -6 a Site 4] * 
3 woah GA5abe 
Raspberry 1 ates» te) Sa0| cap 
2 4.2 ab 2a 6 * 
3 4.8 a 8:0 a 
Snowberry 1 ates) de 43.i1a 
2 25.008 29.4 a 5 Aes 
3 15 254eb 24.8 b 
Other 1 13 38ea OAS ab 
woody 2 We UmEC Or OMG eee *% 
3 iecu.b Omid 
Brome q. 1 Vee, D Gas woe 
2 10.995 TARE Inte Peo * x 
3 625 ib efi by st 
Vetches 1 4.8 be 24 Db 
2 Bie) were! Gavia b es 
S ied ta | 6.8%a 
All 1 Soa 827082 
herbaceous 2 3 ter arcs 33.5 ea 4.7 
5 J Shes Th vel Seis) io 


Grazing season 


Means of species within columns or rows 
same letter are not significantly different (P<0.05). 


*x* Rep. difference significant (P<0.01). 


* Rep. difference significant (P<0.05). 
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In 1981, the north-facing slope of replication 1 early 
grew a relatively lower proportion of rose, raspberry and 
snowberry, and relatively more aspen and willow. The warmer 
south-facing slope (replication 2) grew a higher proportion 
of rose than the other paddocks. The west-facing slope of 
replication 3 grew the highest proportion of raspberry. 

The relatively high proportion of brome grass in 
replication 3 late was peeccwared with reduced shrub 
competition (low proportions of aspen and rose), which 
allowed room for expansion of grasses. 

Vetch was of minor importance overall, but the 
environment in which it occurred is interesting. While 
generally it was maintained under late grazing, the yield on 
the relatively level paddock in replication 1 late was low. 
Early grazing practically eliminated vetch in paddocks with 
southerly aspects, but it survived much better on the cooler 
north-facing slope of replication 1 early. 

Finally, tieisS, Of inreresteto note that the 
contribution of herbaceous species was greatest on the. 


paddock with the lowest overall yield (replication 3 late). 
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B. APL programme for height to weight calculation 

The following APL programme converts a matrix of height 
measurements to estimates of dry weight per plant (g). 
Appropriate intercepts, b,, b., and D, coefficients were 
taken from Tables II.5 and II.6, and manually inserted into 


MAT . 


VSELP(UIV 
VY SELP MAT3M13:M23:M3:MATO3PH:PHSQ:PHCU;B1A3B1B 
Mire COMArte es | OMA Te iee es )) 
M2 pO MAG ies: | OMAT 2a 
M3 COMA) pMAT hails | 
M1+,M1 
M2+,M2 
M3<,M3 
MAT O— COM Adare oi sis) DM igeMioi. M3 
PH«+(pMATO)9(MAT([1,2,333 1#MATO) 
PHSQ+PH«2 
PHCU+PH*3 
BiA+L+MAT([ 431; 
BIB+kMAT( 432; 
B1C<+MAT( 4333] 
BiD+(+MAT(C 4343] 
B2A+L}MAT( 4353] 
B2B<{}MAT([4;363] 
B2C+(KMAT(4;7;:] 
B2D<(}MAT([ 4383] 
VAEE EERE E EHH HEHEHE HEHE HEHEHE HE HHH HH ete ete eteetetegteteets+: 
Bi~(pPH)p(B1A+(B1BxXPH)+(B1CxPHSQ)+(B1DxPHCU) ) 
B2<(pPH)p(B2A+(B2BxPH)+(B2CxPHSQ)+(B2DxPHCU) ) 
"WEIGHT (GRAMS PER PLANT)' 
W+Lk (pPH)p((B1xXMATO)+(B2x(MATOx2))) 
Vv 
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C. BASIC programme for palatability indices 


The following BASIC programme calculates palatability 


indices from daily biomass and availability data. 


Alberta 


University of 


*#GET FORAGE 


470 
480 
490 
500 
3) HG 
520 


ee (Stavel= 


ve) 


PRINT "FORAGE SELECTION" 
PRINT "PALATABILITY COEFFICIENTS" 
PRINT “+4+4+4+4+4+4+4+4+44++4+4+++4444+4+4+++4++" 
PRINT 

PRINT "NUMBER OF FORAGES IS 4" 
N=4 

* INPUT N 

DIM P(9),0(3),C(9),P1(9) 

P9=0 

BQ=0 

Q9=0 

C9=0 

PRINT “INPUT BIOMASS, UTILIZATION" 
PRINT 


PRINT "BIQMASS" 

FOR T=4 TON 

INPUT B(TI) 

NEXiea 

PRINTOUT ILTZAT LON 

FOR I=17TO N 

INPUT C(I) 

B9=B9+B(I) /* TOTAL BIOMASS 
C9=C9+C(I) /* TOTAL CONSUMPTION 
EQ=E9+B(I1) 
NEXT I 

REM PROPORTIONS 
FOR Tedeto N 
C(1I)=C(1)/C9 /* RELATIVE CONSUMPTION 

B(I)=B(1)/B9 /* RELATIVE BIOMASS 

NEXT 1 

REM ITERATIONS TO FIND STABLE PALATABILITY COEFFICIENT 
FOI ea Ine Zoo 

FOR I=1° TO N 

IF E(1)=O THEN: E(I)=1 

P1(1)=C(1)*ES/E(1) 

P(I)=(P(1I)+P1(1))/2 

E(1)=P(1)*B(1) 

NEXT I 

ES=0 

FOR xX=1 TON 

EQ=E9+P(X)*B(X) 

NEG 

NET at, 

PRINT 

PRINT “RESULTS" 

QIN MSs e So oS aoe Sosa eS Sepa Sat 

PRINT "FORAGE", "PALATABILITY" 

FOR i=iaTo N 

PRINT 

PRINT I,P(I) 

NEXT I 

END 

Of-File 
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D. Analysis of species biomass during the grazing periods 


These analyses of variance are for 4 species and 3 
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replications, uSing the covariate "Days-grazing" and testing 


covariate/species interactions. 


*ANALYSIS OF VARIANCE* 
CAUTION: BOTTOM LINE ERROR MEAN SQUARE MAY NOT BE APPROPRIATE FOR F-TEST 


BiOMASS EARLY 


19797 (7-1) 


.87500 
2 SISSTASKG) 
.68750 
. 73438 
» WSIS) 
SISEKIE 
.84985 
5 AREAS) 


1372868. 


*ANALYSIS 


OQQ000 


OF VARIANCE* BIOMASS LATE 


1979 (T2) 


S239 Zale 
3274949 
3571942 
874455. 
268. 
S22a2e 
= S/O. 
78739". 


OOO0CO 


. O0COO0O 
. 00000 


43750 


509640. 
1637474. 
SSSI SIA1S} 
874455. 


31250 
OQO000 
62500 
43750 


Sk) 7) 
.06250 
. 24219 
a taey ye 1S} 


14897920. 


*ANALYSIS OF VARIANCE * 


113724. 


BIOMASS EARLY 1980 (T3) 


56250 


14 


1308593. 
127749. 
Sieisaoe 


436197. 
63874. 
529638" 
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479221. 
3228298 
12617 Se 
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E. Palatability indices during the grazing periods. 


An explanation of these indices appears in Chapter V. 


Day Aspen Rose Rasp. Snowb. 
1979 E 1 0.68 Lig eh6 Wentz OF 20 
2 Oe Uae, ee 0.45 
3 0.34 1.48 O72 Ost5S 
4 Org be scue) de Or, 03.6 
3) Oral Jo P29 0+39 
6 0.85 1.54 16 O720 
7 Oats: let82 1.49 0.42 
8 O53 hasels) tes oAs| On vl 
S| Os 18 2586 lige 3 Ones 
10 ee6 On 
mean O70 ie OO TG Ors0 
1979 L 1 02638 desta 2 Vals 0.29 
2 Oa OO e253 0.89 
5 0.64 On 16°00 0.79 
4 0-53 0.31 pee] O79 
5 O56 0.44 eo 5 098 
6 Or'35 0.41 Tel To 
4 0.45 0.68 1.41 1.14 
8 UsZ 0.46 Oar 1.49 
9 HeLO 0.88 
10 O20) 0.44 Ve 
mean O50 0.64 as. 0 1.00 
i) eheHOe Aa 1 24 OnG2 
2 Dien Tees OT OPAC 
3 0.46 fe2s dees? M69 
4 0.34 tees POS She: 0.19 
5 Oso0 1.14 4.43 (eAtas: 
6 0.80 a6 Pee, 0.26 
7 ORS 6 Tow, Shaiils hee ee 
8 O56 Onze ach 0.94 
9 as 1,00 12.076 
10 Led 
1 1.00 5 
12 12:00 
mean OS) Pee Zaid 0.94 
1980 L 1 es ee) 0.90 dee 0.41 
2 Pied 0 hs: 0229 Teale O07, 22 
3 2 on Oreo 1.04 0.46 
4 3.74 O.25 ere O.26 
5 1.64 Orcs 135 O5a5 
6 eS Oran 0.84 0.84 
7 Zoe. 0.47 0.58 Ae), 
mean 2.09 Dee, eo Ont 
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F. Shoot morphology for 4 clipping treatments. 
These data are for shoots grown on excised roots in 
three light regimes, and measured at harvest at termination 


of those regimes. 


Time of clipping 


Nil Oo eaves 177, AUG. 1/ AUG. 27 9) Sb 
Leaf area 

(cme eshoot ws) T3 les 6.6 S22 4.8 
Leaf wt. 

(manmnoota) 148 196 193 130 70.4 

Leaf wt. 

(moectin <)) We One? 6.6 8.0 og) 
Av. shoot length 

(mm) 63 49 41 55 35.4 
Stem wt 

Cmomenoo tans) 23 129 70 75 TOe0 
Stem wt : 

(mg mm-') 0.40 0.47 0.30 0.41 O25 
Leaf:stem SG pats! Ze 1.8 0.35 
ShHoote we. 

(mGn LOOts !) 222 260 204 161 119 
New root wt. 

(mg) 13.8 39.3 16.7 14.1 25/5 


Shoot :roott SAT 6.6 lie 1.4 2100 


+ arithmetic means. 
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